










Troiitispiece, — Part Sectional View of Pour Cylinder Automobile Motor With All Important Parts Outlined. 
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The rapid growth the automobd^ h^y& recited in a 

marked incr^e in the nvi^^^n fiX autojlio|>^J repair shops and, as 
the ^aie of ears augment yearly, the demand fcr mechanics skilled 
in the art of caring for, adjusting ancTj^ej^airtng' ai|tdmobiIes will 
contin'U.e^o grow in proportion. Then again, 3nai|y"cars are pur- 
chased by people in iraMerate circumstanocs remote from 

repair shops who desire |io make their own adiustnlsints pnd minor 
repairs. Many excellent mechanics in other lines Jtiave felt that the 
automobile business offered opportunities, hut werOj unable to avail 
themselves of them bepause of lack of knowledge of motor car 
construction. 

The writer obtained much practical knowledge of automobile 
mechanism fii’st hand as a repairman in ^ the earlier days of the 
automobile industry andH>ften felt the lack of definite, scientific 
instructions for doing various classes of work jn a practical manner. 
When one considers that the modern aul^miobile is a complex assem- 
bly of many different groups, it is Uot difficult to understand why 
an excellent macjiinist, for instance, may be unable to repair a 
starting and lighting system because of lacit^of electrical knowledge, 
or why the electrician, to whom this #ork is not difficult, may be 
unable to refit bearings or time a motor valve system. The practical 
all-around automobile repairman must not only understand machine 
work and metal-working tools of all kinds, but must also possess 
some of the knowledge of the electri4ian, plumber, wood-worker, 
rubber- worker, tinsmith and blacksmith. 

It is the purpose of the writer outline the essentials of auto- 
mobile repairing in a way that^ will be understood by all ynth - 
ordinary mechanical ability: Much of the material will prpv© of 
equal value to the chaiaffeur, owner and general mechanic. The 
writer has been collecting notes and sketches for this treatise for 
over eleven years and has had an exceptional opportunity to sup- 
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Preface 


plement the practwjal knowledge obtained as a repairman by a 
careful observation of the experiences of others. 

With tlie object of outlining the entire subject, the various items 
of equipment, tools and special appliances to facilitate repair work 
are covered fully and a concise review of the various mechanical 
processes, such as autogenous welding, brazing, soldering, etc., is 
given as well. Many Tables and Formulae are included pertaining 
to things the repairman should know or have available for ready 
reference. Special attention has been given to the electrical system, 
because it is on this point that many repairmen and motorists 
desire enlightenment. It is assumed that the reader is familiar to 
a ce^rt«j|a extent with automobile. construction in general. If infor- 
mation; iit wanted on points of design, etc., the reader is referred 
Modern Gasoline Automobile,^' a previous work of the 

vmter. 

As many establishments are being started from time to time to 
care for the increasing number of motor vehicles sold, some sugges- 
tions for planning and equipping various sized shops should be 
timely and of value to those intending to start such an enterprise. 
There are many conditions to be considered, and no hard or fast 
rule can be made to cover all contingencies. The equipment needed 
to do work in a most satisfactory manner will vary with the size of 
the shop and character of cars repaired. The writer will confine 
this discussion to useful suggestions that can be applied specifically 
to the machine or other shop that specializes in repair work. 

Most of those outlined have no facilitie|> ^or doing a garage or 
storage business, but the plans may be modified and applied to shops 
operated in connection wuth a garage or agency for cars as well. 
While the equipment proposed is most comprehensive in the case of 
the larger establishment and sufficient to build all parts of a motoi 
ear if necessary, the facilities may be increased or reduced as th( 
capacity of the shop requires. In planning a new shop or enlarging 
a business, some of these suggestions may be of value, and it is wel 
to note that proposals made for tools or equipment and floor plan 
described are based on actual experience of successful shops. 

The Author. 


January, 1916. 
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CHAPTER I 

THE AUTOMOBILE EEPAIB SHOP 

Requirements of Buildings Utilized — Lighting Methods — Heating and Ven- 
tilation — Arrangement of Departments — How Raw and Finished Stock 
Is Stored — Planning Small Shop — Arrangement of Medium Size Shop 
— Typical Large Service Station — Assembling Room Equipment — 
Bench Construction — Bench Furniture — Assembling Room Furniture- 
Pit Construction — Turn Tables — Lifting and Moving Appliances — ^Machin- 
ery Equipment for Small Shops — Equipment for Complete Machine Shop 
— Power for the Shop — Electric Power — Small Generating Sets- — The Gas 
and Gasoline Engine — Power Needed for Various Machine Tools — Instal- 
lation of Machine Tools — ^The Lathe Types and Accessories — Shapers, 
Planers and Drilling Machinery — Miscellaneous Appliances — ^Air Compres- 
sor Equipment — Fuel Storage Methods — Shop Forge Equipment. 

The care and maintenance of automobiles is one of the most 
important branches of this large industry and as great advances 
have been made in the erection and equipment of establishments 
for repairing these vehicles as in the design of the automobiles. 
The equipment of a service station will vary from a very simple 
tool outfit of the small shop mechanic to the more expensive in- 
stallation found in metropolitan service stations. Many special 
appliances have been evolved, especially for automobile repairing 
and special tools and fixtures have been contrived by the ingenious 
mechanic to simplify repair work. Before describing the pro- 
cesses incidental to the repair of the various motor car components 
the writer believes that a discussion of the equipment needed for 
repairing will prove of value to those who are about to erect an 
automobile repair shop or service station, as well as to those who 
plan to increase present more or less limited facilities. Several 
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important points that are apt to be neglected by the average archi- 
tect in designing a garage or repair shop building will be con- 
sidered first and then the equipment of tools, supplies, and special 
appliances necessary to furnish the repair shop in a first class 
manner will be discussed. 

Requirements of Buildings Utilized. — Structures that have 
been used in another business do not always give full satisfaction 
when remodelled and equipped for motor car repairing. The one 
general fault all of these buildings have is inadequate lighting 
facilities, and they are seldom properly heated or ventilated. Large 
wooden structures formerly used for carriage or wagon shops, livery 
stables, etc., are often utilized, but these are invariably very in- 
flammable, w^hich alone should condemn them, even if the proper 
lighting and heating facilities were installed. 

Many buildings have been erected for repair shops or garages 
that are lacking in conveniences not included because of lack of 
experience on the part of architects or builders, who do not under- 
stand the requirements of the repair business. These buildings 
obvioiLsly could be improved in arrangement and even in details 
of construction by those familiar wuth the restoration of auto- 
mobiles and their component parts. 

Any structure used for motor car housing or in repair work 
should be absolutely fireproof, which means that only materials 
having the desired qualities, such as steel, brick, stone or concrete 
be incorporated in the construction, with a minimum of wood. 
The building should not be more than two stories high, if the land 
IS available, though large establishments in the heart of big cities 
will have to be three, four or five stories in height, depending upon 
the size of the lot available, the floor space needed and the prevail- 
ing prices of real estate. If it is to be operated in connection with 
a garage business on the same premises, the repair shop should be 
in the second story, the storage room on the ground floor. 

In any event, the point of using natural to the exclusion of 
artificial light cannot be too firmly impressed on the builder. Me- 
chanical work of all kinds demands the best of light, and in those 
buildings utilizing daylight in preference to electricity or other 
source of illumination, not only is the work carried out better. 
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but a large item of expense, which must be included in the fixed 
charges of operation, is eliminated. The best construction, ai^ one 
that has been demonstrated to be thoroughly*'^ practical in large, 
modern manufacturing establishments, is a steel framework, with 
concrete walls pierced by many large windows, and a sawtooth 
roof. The advantages of this construction over that u$mg ordinary 
skylights is that the sun cannot shine in di’*ectly* to interfere ^with 
the work, as the openings point toward the nOr^h, a stronger roof 
having more openings for light is obtained, and there is no possibil- 
ity of water leaking in. What is most imj-ortant in the northern 
states, the light will not be shut out as much by snow during the 
winter. 

It is well to remember when planning lai'ge shops having more 
than two floors that high structures involve the use of power ele- 
vators, so the cars can be taken from one floor to the other, with in- 
creased overhead expense as it augments the cost of handling cars, 
either in repair work or storage for which no charge can be made 
the patron. 

Lighting Methods. — The lighting problem can be viewed from 
two aspects : that of general illumination and the equally important 
one of individual lighting. For the former, powerful, though well 
diffused lights are wanted, these being placed high enough so they 
will be out of the way and yet give as mucli as possible the gen- 
eral effect of daylight. The amount of illumination needed varies 
with the different departments and the class of work carried on 
therein, but in making determinations it is always best to err on 
the excess side than to attempt to economize at the expense of the 
eyes of the workman. This is poor economy because it reacts di- 
rectly upon the quality of the work turned out by the shop. In 
the car assembling or overhauling department, the general illumi- 
nation should approximate about 120 candle power to every 200 
square feet, while in a regular shop or room where the general 
lighting means is supplemented by individual lamps at vises and 
drop lights to carry to the cars themselves, the allowance of 100 
candle power of general illumination to 300 square feet floor area 
will be found ample. Machine shop lighting should always be on 
a very liberal scale and should not only include good general illu- 
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miration but individual lighting as well. The general practice 
in most shops is to use small units and plenty of them. Thirty- 
two to sixty-four candle power lamps or other equivalent radiants 
are suspended over each machine tool where great accuracy of 
work is not essential, these including such appliances as shapers, 
planers, emery wheels, arbor presses, drilling machines, etc. On 
lathes, milling machines or grinders, where accurate cuts must be 
taken, the individual lamps should be supplemented by arc lights 
or powerful Tungsten lamp clusters, supported from the ceiling 
and well shaded to reflect the light where it is needed. One candle 
power per square foot floor area in addition to the individual 
lights, which should be at least 50 candle power over each tool 
designed for accurate work should be allowed in the machine shop. 

Where electric current is available the most suitable lamp from 
the viewpoint of steadiness, quality, and intensity of light is the 
incandescent filament lamp using the Tungsten alloy illuminating 
element. The flaming arc is an economical light, but it is far from 
being steady and its color is such that it is hard to discover fine 
lines or colors having a bluish tinge. The fluctuation in an arc 
light and even the clicking of the regulating mechanism may be- 
come very annoying when engaged in fine work. Many garage and 
repair shop proprietors in small towns where there is no central 
lighting plant find it desirable and economical to generate their 
own current by any one of the many small individual lighting 
units sold for this purpose using a gas or gasoline engine as power 
The electric current reduces the fire risk and as it is the most 
convenient form of energy for generating power to operate ma- 
chine tools, the installation of individual lighting plants is justified 
by the many advantages accruing from the use of electric current. 

Where electricity is not available it is rarely possible to find 
either coal or water gas such as generated by a public service cor- 
poration. In many small, isolated communities it may be neces- 
sary to use acetylene gas generated on the premises. Some favor 
kerosene or gasoline vapor lamps in which incandescent mantles 
are employed. One popular lamp in the rural sections which burns 
oil under air pressure producing a Bunsen flame capable of heat- 
ing the usual incandescent thorium mantle is called the ‘‘Washing- 
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ton^’ lamp and is a very economical method of lighting* It is ap- 
parent that any system of illumination that involves the use of a 
naked flame introduces an item of fire risk that is very unde- 
sirable in a building where the fumes of gasoline are present. 

Electricity is not only the safest method of lighting but the 
Tungsten lamp is the nearest to sunlight of the artifi^ild radiant;^ 
Where electricity is available it will be poor economy to use other 
means of lighting, except for general illumination as by groups 
of incandescent mantle gas lamps. For individual lighting the elec- 
tric lamp is the most suitable because it is safe, compact, clean, 
does not give out much heat, is portable and can be used in any 
position. There is no other means of artificial lighting that permits 
one to obtain all of these desirable requirements in combination. 
Considering the relative cost of the various methods of lighting, 
the following table, based on the cost per 100 normal candle hours, 
will prove useful: 

Cents 

Washington light . . 0 238 

Flaming electric arc . . . .0 381 

Mercury vapor lamp . . 0 595 

Incandescent gas light . . ... 0.595 

Incandescent petroleum light . . ... 0.714 

Direct current electric arc . . ... 0.942 

Osram, zircon and tungsten lamp . . . ... 1 190 

Kerosene burner . 1.666 

The writer has frequently noticed the use of poor droplights 
in garages which are not only undesirable because of the physical 
discomfort entailed by the action of the electric current upon the 
human system, but also because of the liability of fire. The wire 
and sockets of these lamps are subjected to very severe treatment 
and they soon cause trouble where a cheap equipment has been 
provided, because the insulation of the wire deteriorates and will 
cause a short circuit whenever it comes in contact with the metal 
part of the frame or of the various parts of the human system 
which will provide a path to the ground for the current. Where 
a current of 110 volts is used, there is no danger of severe or per- 
manent injuries because of contact with such a ‘^live wire,’^ but 
the sensation is decidedly unpleasant, to say the least. Cases have 
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been observed by the writer where a fire has been caused because 
of such defective insulation of the wire. One case in particular has 
been distinctly impressed on his mind because he was in a pit 
beneath a car at the time of the fire. A helper was washing the 
mechanism with gasoline^ preparatory to an overhauling, and 
|5lenty of Vapor filled the air. A partly bare spot on one of the 
wires became crossed with the frame work of the car and the bril- 
liant spark resulting ignited the gasoline immediately. The car 
and pit were in flames and had it not been for the presence of 
mind of another mechanic with a chemical extinguisher in dealing 
with the blaze before it assumed dangerous proportions, the results 
might have been more serious. 

In figuring on a droplight equipment, the best material should 
be obtained. It is a penny wise, pound foolish'^ policy to use 
materials for which the only recommendation is cheapness. The 
wire should be provided with a very heavy insulation, and need not 
be very flexible. Beware of lamp cord, as it is of no value for use 
under severe conditions. The best and lieaviest sockets should be 
used. The writer would advise the use of some that had either 
^ very heavy porcelain or hard rubber insulation around them. 
Then comes the choice of proper cages or shields and handles. 
There are cages now marketed that are of heavy construction, the 
wire of vhich they are composed being nearly an eighth of an 
inch in diameter. These will prove to be the cheapest in the end. 
In assembling, it will be found best to wind plenty of electrical 
tape around the wires for the entire length of the drop. Tins not 
only serves as an additional insulator, but takes much of the wear 
that WT)uld otherwise come upon the insulation of the wire proper, 
and it may be easily renewed when it shows signs of wear. It will 
be found well to solder all the connections at the socket and rosette, 
as there is nothing more disconcerting, when a difficult or tedious 
job of fitting or adjusting is being performed, than to have a 
'^winking’’ light to work with, which is liable to fail at the time 
it is needed most. 

Heating and Ventilation. — It is very important that the work- 
rooms should be kept at comfortable temperature during cold 
weather. About 75 degrees Fahrenheit is usually considered correct, 
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though it may be lower than this if the men are engaged in active 
labor. In the machine shop where men must stand quiet much of 
the time, the temperature should be higher than in the erecting 
room, where they are constantly moving around and handling 
parts, this tending to keep the blood in circulation. It is a mis- 
taken idea on the part of some shop managers that th'' men must 
be half frozen so they will exert themselves more^tnan if conditions 
were more favorable to comfort. 

This is true if the temperature is much too high, but there is 
little danger of this happening in a large shop having considerable 
metal to absorb heat, and where the doors are opened to admit 
cars many times each day. A man cannot work with any degree 
of accuracy if his fingers are numb. AVhen shops are cold, the 
operatives compensate for this by wearing heavier extra clothing 
that hampers their movements appreciably. What is gained in 
fuel IS lost in labor, to say nothing of the eJffect unfavorable con- 
ditions have on the dispositions of the workers. 

Of the methods of heating in vogue, the writer unhesitatingly 
recommends steam or hot water, in connection with judiciously 
placed radiators and pipes. The amount of radiator surface needed 
should be computed very accurately, and can only be determined 
by taking into account the character of the walls, number of win- 
dows, cubical contents of the rooms to be heated, the facilities for 
ventilation, the number and size of doorways and many other 
conditions best considered by a competent heating and ventilating 
engineer. The steam or liot water boiler has the advantage of 
furnishing warm water at all times for wasliing purposes, and as 
the radiators may lie shut off if too warm, the temperature can 
be regulated to suit requirements and to secure economical and 
efficient heating from the fuel burned. 

The problem of ventilation is one that is of importance, though 
its character depends upon the type and construction of the build- 
ings used. Repair shops are usually of large size, and have large 
space in proportion to the number of workmen employed. In 
many cases of ground floor shops, this ratio is so large that no 
special provision need be made, the air being changed often enough 
to answer all practical needs, as the main entrance is opened and 
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tsiosed. ,^Witii a number of upper floors, conditions are different^ 
and in case$ every endeavor should be made to renew at 
least one-tenth^ of the total contents every hour. Ip paint shops, 
smith, and testihg or adjustiiag rooms where noxious fumes may 
be present, and in small rooms where the number of workmen is 
greatly in excess of the air space available, no less than half the 
- contents should be renewed hourly. The suggestions for building, 
heating, lighting and ventilation apply to all shops. 

Building Arrangement. — As an example of the amount of space 
allowed a building devoted to bdth a garage and repair business 
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Fig. 1. — Floor Plans of Garage and Repair Shop. 


the floor plans of a garage located in a city of forty thousand in- 
habitants is presented at Fig. 1. This building has a frontage of 
74 feet and is 150 feet deep. The front faces a main street and is 
occupied by a sales room 30 feet square intone comer, and a main 
office of' the same size in the other comer. The sales room has 
an attractive show window across the entire front, and the other 
departments are also liberally provided with windows. One side 
of the plant faces an alley extending the entire distance, and there 
is also an alley to the rear. This offers the important advantage 
of providing a situation on what is practically three well paved 
streets. The alley to the north is practically exclusive and affords 
the company a chance to store many cars during the day and at 
the same time leaves plenty of room for the vehicles to move 
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ftTottnd. The plant has five entrances, the main entrance at the 
front, which is 14 feet wide, two to the repair (^partmea^ one at 
the rear to the'main garage and one in the room 'siet apart for the 
demonstrating car.* All entrances measure 14 feet across and are 
amply high to permit the entrance of the largest motor truck. 
The building is of brick and concrete construction and is two stcMies 



Fig. 2. — ^Floor Plan of Small Bepair Shop, Showing Iiocatiou of Pit and 

Machinery. 


in height at the front. The second floor front is occupied by the 
tire repair department and the stock room. Skylights over the 
repair department and the garage proper furnish plenty of lighi 
from above. 

The floor space on the main floor, back of the office and sales 
room is therefore divided into three sections. The repair depfurt- 
ment is 30 feet wide by 120 feet long and is situated to the rear 
of the office. The garage proper is to the rear of the show room 
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and is 44 feet wide and 120 feet long. The repair department is 
sufficiently large to employ 18 men. The building is heated by 
steam which is furnished by a heating plant in the basement un- 
derneath the main office. 

The floor plan at Fig. 2 is that of a small building devoted 
exclusively to repair work and is suitable as a design for a shop 
to be placed at the side or rear of a garage. This building not 
only offers ample room to work on seven large cars but also pro- 
vides for a complete machine tool equipment and ample space for 
office and stock room furniture. There is but one entrance, that 
being located at the front of the plant. The dimensions of the 
building and the arrangement of the various departments are so 
clearly shown that further comment is unnecessary. Floor plans 
are also given at Figs. 3 and 4 for a medium size service station, 
while a large departmentized repair shop is shown at Fig. 5. A 
medium size repair shop having a commendable arrangement of 
machinery and still leaving ample space for working on a good 
number of cars is shown at Fig. 6. In many large cities it is 
necessary to use buildings having more than one story on account 
of the value of land in business or manufacturing sections 

A typical arrangement of a converted factory building that . 
has worked out fairly well for a service station is shown at Fig. 5. ^ 
This is operated exclusively as a repair shop and has complete | 
facilities. The building is of brick and while not as well adapted 
for motor car repairing as the specially planned structure at Fig. 

6 is, it has been remodelled to good advantage. The building is 
165 feet long and 36 feet wide inside the walls Considering that 
the building is an old one built before the days when the provision 
of ample light was considered one of the essentials, it is fairly well 
lighted during the day as the walls are pierced with many small 
windows. At night a large number of Tungsten lamp groups of 
high candle power furnish the general illumination. Both floors 
are divided into three rooms, the largest 1 04 feet long being used as 
an assembling and storage room on both floors. On the lower floor 
there is an intermediate room 28 feet long into which the elevator 
leads that is also used for assembling and overhauling purposes. 
The remaining small room on the ground floor which is 25 feet 
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long is divided into three parts, one being used for an office, the 
others for stock and tool rooms, respectively. Nine large pits are 
provided on this floor and there is also ample bench room. This 
' ground floor assembly department is devoted to work that does not 
involve taking down a car to any extent such as fitting various ac- 
cessories, tuning or adjusting engines, repairing clutches, brakes, 
axles, etc., and other work that will not lay up a car for more than a 
few days. There is a large door at one end to permit cars to enter 
directly from the street and a smaller entrance at the other leading 
directte^ into the passage way in front of the stock room counter 
ov^r which |the patrons are served. There is also a lai*ge door 
opening into the rear of the elevator, permitting cars to run on 
the elevator when this is te its lowest position, either from the 
shop interior or from the street. 

The upp*i!?r divided in much the same manner as the 

lower die, largest room being used for overhauling purposes, 
the 36 X 28^ feet room is used as a machine shop, while the small 
room over the office and stock room is used as a forge and tinsmith 
shop. A large skylight in the roof of the blacksmith shop gives 
much needed light on the anvil and bench. There are no pits in 
this floor but, as is the case with the one below, there is an over- 
head track extending the full length of the room for travelling 
chain falls attached to the ceiling The equipment of the machine 
shop is very complete and enough tools are provided so that it is 
pOsrifel^Jto duplicate any part of any automobile. The equipment 
shown at Fig. 6 is also very complete. 

In the building outlined at Fig. 6 which has been designed ex- 
clusively for automobile repair work it will be noticed that the 
saw tooth roof and the many windows make for maximum day- 
light illumination. The windows of the saw tooth should always 
face toward the north to get the best light and prevent annoyance 
due to the sun shining directly in during the day. The building 
may be of either brick or concrete and while the arrangement de- 
picted is very good, the plan may be varied to suit individual re- 
quirements. It will be observed that there are two main entrances, 
one a small door, leading directly into the machine shop, while 
there is a large main door by which the cars enter the repair shop. 
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•Plan of AntomoWe Bepair Shop Machine Boom, Showing Location of Machine To<ds 

and Other Annliancee. 
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It will be noted that the office is placed in such a way that ail that 
goes on in either the machine shop or the assembling depitrtment 
may be seen by the executive or manager. The location of the 
stock and tool room in the machine shop is logical, as it is most 
convenient for the men who have frequent need of special tools. 
The men on the assembling floor usually have their own^^^Outfits, 
whereas the machinists are continually using sp^ial drills, taps, 
dies and cutters that the company must furnish. A person cannot 
enter the machine shop without first passing the clerk in either 
the office or the stock room, as wickets in the walls of these rooms 
forming the passageway open directly into the narrow hall provid- 
ing access to the machine shop. A pair of large double doors 
separates the machine shop from the assembling room as it is 
often necessary to move in bulky portions of automobiles for at- 
tention. In the building shown the boiler room is partitioned off 
from the assembly room and it is not intended to have any base- 
ment. If a cellar is provided, however, the heating boiler may be 
placed therein and be out of the way. The equipment of the 
various departments which can be applied to any of the repair 
shops shown will now be considered in connection with the logical 
arrangement of the repair shop department. 

Arrangement of Departments. — In arranging the departments 
the layout should be for greatest efficiency and convenience. This 
applies to the repair shop as much as to the manufacturing plant, 
and intelligent study will often result in changes which will ma- 
terially increase efficiency. Many shops are not profitable because 
of lack of organization and lack of system, while others are handi- 
capped because of poor general arrangement. The owner or mana- 
ger of a small shop may consider that the installation of a methodi- 
cal system for record of the cost and progress of the work involves 
an expense that is unnecessary, and many sliops are conducted by 
a hit or miss principle when simple accounting methods and organi- 
zation of force would make them much more profitable. Too much 
system, however, is as bad as not enough, so a happy medium be- 
tween the two extremes should be adopted. There should be some 
distinct scheme of organization in every shop of any size, espe- 
cially in those which employ 18 or 20 men, and this can be advan- 
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Fig. 5. — Floor Plans of Large Automobile Repair Shop or Service Station. 
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tageously followed where only five or six are employed, to the ex- 
tent of properly apportioning the responsibility and authority. 

The plan shown at Fig. 3, A, is a one-story structure with a 
two-story frontage, having a capacity for 30 cars. The building 
IS about 120 feet long and 40 feet wide, divided into departments 
for convenience. The ground floor contains tour departments. The 
front apartment is about 40 by 20 feet, which is again divided, 
the tool room and office being 10 feet wide by 16 feet long, the 
machine room about 30 feet wide and 20 feet lohg. The rear of 
the shop is partly divided by a partition extending about 15 feet 
from the right wall, and about 20 feet from the rear wall. The 
right back corner is partitioned by a brick wall into a room about 
15 feet wide by 10 feet deep, this serving as the boiler room for the 
heating plant. The space between the front and back portions, 
about 80 feet, is used for general repairing, for taking cars apart 
and storing cars ready for delivery. 

The ground floor has been divided into four parts — the tool 
room and office, the machine shop, the assembling bay and the 
overhauling room. The second story is about 25 feet deep and as 
shown at Pig. 3, B, is divided into three parts, a stock room with 
15 feet frontage, a liattery room 10 feet wide and a tire repair 
room the same size as the stock room. The entrance for cars is 
at the side of the building, and the door opens into the large room 
so the machines can be run directly back into the overhauling de- 
partment, or ranged along the walls of the assembling room. A 
short passage leads from the small door at the side directly to the 
machine shop, though all entering must first pass the office before 
gaining admittance to the other departments. The plan shown 
can be applied only where the building is located at a corner, or 
where there is a short street or alley at either side. This form of 
construction permits one to take advantage of the whole front of 
the shop, and no space is sacrificed, as would be the result if the 
main entrance and passage were located at the front of the building. 

An office and tool room are partitioned from the machine shop 
by sheathing and wire netting or grillwork, the wood of the par- 
tition being about four feet in height, all space above to the ceiling 
being filled by wide mesh net. Thus the tool room is effectually 
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Pig. e. — ^Elevation and Floor Plans of Medium Sire Automobile Bepair Shop. 
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separated from the machine room, and yet all that goes on in either 
room can be seen by the superintendent when in one rooin or the 
other. Two partially open partitions extend th^ width of the 
tool room, the one separating it from the passageway, the other 
from the machine shop. In each partition is placed two windows, 
closed by swinging screens. Along a portion of the side wall and 
under the stairs are tool racks, while niany of the smaller and 
often-called-for tools, such as drills, taps, dies, reamers, etc., are 
carried on pyramidical revolving racks. These racks can also be 
used to advantage for nuts, bolts, machine screws, splitpins and 
other small stock often demanded. 

The bookkeeper and clerk share a common desk ranged along 
the side wall, while the stenographer has a type^vriter desk between 
the two Mundows communicating with the passageway from the 
street. This makes it possible for the stenographer to wait upon 
customers applying at either window. The one nearest the door 
permits a visitor to talk with either the clerk or bookkeeper, while 
that at the other side of the desk allows the caller to talk to the 
superintendent or manager, whose desk is conveniently placed so 
that he can look into the shop, keep his eye on the tools and stock, 
talk with either bookkeeper or clerk, or dictate a letter to the 
stenographer without leaving his chair. As no modern business 
is complete without telephone service, a single desk instrument 
with extension cord is placed on the stenographer's desk, and can 
be used by the superintendent, the bookkeeper or the clerk without 
leaving their work. 

How Raw and Finished Stock Is Stored. — The arrangement 
and type of the racks can only be determined by the nature of 
the raw and finished material carried in stock. The stock room is 
directly over the office and tool room and a dumb waiter or small 
elevator as well as a stairway connects both floors. At Fig. 7, A, 
IS shown a type of rack that can be used to advantage in storing 
small parts, this having lower bins of larger size for bulkier arti- 
cles. At B is shown a combination rack for stock, both finished 
and rough, having a series of pigeonholes for tubing, bar sted 
and iron, etc., while the type at C permits one to store sheet stock 
as well as other and less bulky articles. A practical form of rack 
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for bar iron and steel, tubing, etc., is a.t D, this being a series of 
cast iron members joined by through bars, so coupled as to act as 
braces. A most practical form of rack for the repair shop stock- 
room would combine the forms shown at A, B and C, the bars and 
rods being put in from one end, the sheet metal, fibre, etc., being 
placed in the compartments at the other. 

There is no need of mentioning the ways in which nuts, bolts, 
machine and wood screws can be best handled. Any stock tnan of 
experience would place these in revolving pyramidical racks, or 



Fig. 7. — ^Bms and Backs for Storing Baw Material Used in Autonidbile 

Bepair Work. 


small cabinets where they can be easily reached, which permits of 
marking for ready identification. Wire, rubber hose, flexible cop- 
per and brass tubing, etc., need only be coiled and placed on con- 
venient hooks; pipe fittings, gaskets, and small parts should be 
strung on wires and suspended from nails; sheet packings, rubber 
matting, etc., ought to be left on the roll, and mounted on stands 
so they can be easily unrolled. 

A desk should be provided for the stock man convenient to the 
stairs and dumb waiter or elevator. All smaller articles can be 
sent from one floor to the other by the elevator. The oil cte be 
stored in the regulation pump-fitted tanks, while the grease caU 
be kept in the original package if bought in bulk. These should 
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stored in the tool room, as well as other stock that may be fre- 
quently called for. A good place for both oil md grease is under 
the stairs leading from the lower to the upper floor. A eon renient 
storage place for waste is the interior of ^ne revolving rack on 
which the smaller tools are placed. 

In all well regulated shops there is a system of tool checking, 
all of the workmen being provided with small brass discs punched 
with a number by which the employee is known, one of these being 
surrendered to the tool boy for every piece taken from the tool 
room, and which is returned to the workman if the shop tool is 
surrendered in good condition. All broken tools should be im- 
mediately reported to the master mechanic »r superintendent. No 
deviation should be made from the established rule, and no tool 
should go out of the tool room unless properly checked. 

Every stockroom should have two w^eighing machines, an ordi- 
nary spring balance registering to 20 or 30 pounds and a platform 
scale so that all raw stock bought or sold by weiglit can be weighed 
before acceptance or delivery, and it will be found a distinct con- 
venience to have a certain portion of shelf, table or wall measured 
off dll feet and inches by which the length of wire, packing, etc., 
can be quickl}^ determined without frequent search for a mislaid 
foot rule or yard stick. A card index and good stock numbering 
vsystefn will facilitate finding the location and price of any raw or 
finished material, and this can be best worked out as the actual 
conditions demand. If the repair shop management operates a 
garage and agency in connection, spare parts for the machines 
should be kept entirely separate, and in different racks or bins, 
and distinct from the raw material. 

Lockers and Washroom. — The arrangement of lockers, wash- 
ing and toilet facilities are shown by the floor plan. The wash- 
stand may be a long cast iron sink, or the more sanitary enamelled 
individual steel washbowl series placed in the market reoehtly. 
Twenty places are enough, but all should have separate hot and 
cold water faucets, though they can discharge into a common pipe. 
The location near the heater simplifies the plumbing and provides 
hot water without delay or waste. The lockers should be about 
18 inches square and six feet in height, having a shelf about a foot 




Fig. 8.— View of Sliop,lW5^ng Size of Pits and Relation to Work BenclL 



87 


Lockers and Wasl^oon 

from the top, and provided with hook# for clothes. The metal 
grill work construction is to preferred to the less sanitary^c,^0oden 
structures. All doors should be fitted with lodks," and the work- 
men charged a nominal sum for the use of the key, to be forfeited 
if the key be lost. Two series of 10, placed back to back, are 
shown, another series for the overflow being ranged along ihe op- 
posite side wall, or any other convenient place- The workmen 
regularly employed should be given the series nearest the sink, 
while the extra help may be assigned those available. 

Assembling and Overhauling Departments. — Referring to the 
floor plan showm at Fig. 3, A, it will be seen the remainder of the 
building is divided into two parts, the larger room for light re- 
pairing, assembling and taking cars apart, and for storing cars 
awaiting attention or delivery, wdiile the back room is used for 
overhauling. Tliere is no close distinction drawn between the de- 
partments, how^ever, and the same general class of work is carried 
on in either portion. The larger room has a cement floor, but over 
this IS laid a w^ooden floor which runs along the walls, extending 
about 10 feet from either side. This room is provided with two 
pits^s showm, and directly across the floor from the entrance is 
loe^d tlib washstand, so that a car can be run in and cleaned 
without interfering with operations in the shop. The object, of 
the w^ood floors or platforms is to the w^orkmen from dii^ 
contact wdth the cement floor, especially in cold w^eather. The 
side on which the door is placed is used for storage, while at the 
opposite side is performed the work upon cars. To facilitate work 
and save time several ;?hort work benches, each provided with a 
vise, are ranged along the walls, so that workmen do not have to 
go to the front or back of the shop if bench work is necessary. 

An overhead track and travelling chain and tackle make pos- 
sible the lifting of the front or back end of a car, or carrying an 
engine, gearset or heavy object from the machine room clear to 
the back of the shop, or vice versa, without trouble. A useful ad- 
junct is the travelling crane, shown at Fig. 18 in use, mounted on 
wheels, which can be taken from one part of the shop to anther, 
and brought to the w^ork instead of the work being taken to it, as 
is necessary with a fixed overhead track. 



d8 


Automoh^ Repairing Made Easy 

Construction of siop Bench- — The machine or repair shop 
bench must be convenient to the machines, and ample space should 
be allowed for a person to pass between the workmen at bench 
and machine. Four good swivel vises and two surface plates, as 
well as a couple of small bench anvils will serve for a small shop. 
About five or six feet of bench room should be allowed between 
each vise. The bench will be about two feet wide, and 34 or 36 
inches high. The legs can be made of iron pipe or castings, or of 
two by four inch scantling, while two inch planking across the top 
will form a backing for another covering of seven-eighths inch 
hardwood floor strips closely fitted together. The average ma- 
chine shop bench of rough plank with gaping cracks along the top 
cannot be too strongly condemned, as not only is it difficult to 
workl0n the irregular surface, especially in laying out fine work, 
but many small parts will be lost by falling tlirough the openings 
in the bench top of the floor. A .strong shelf should be placed on 
the wall about two feet above the bench for tools, stock, etc., when 
not in use, and a heavy shelf under tlie bench, about 18 inches from 
the floor, can be used to hold the odds and ends accuimilated in a 
machine shop. ^ 

A very practical shop work bench may be constructed by using 
c^t iron bench legs that may be obtained upon the open mSrket 

« s a foundation to whicli liip timber and planking of which the 
ench is composed is attached. The approximate form of one of 
these legs is showm at 1, Fig. 9, which also outlines the amount of 
space recommended between the bench and wuill for heat to rise 
and to check window draft. This space, winch should not be less 
than three inches wide will also allow w^ater fro|n the sprinkling 
system to reach any fire under the bench. The end view shows 
the usual method of building and the ax>proximate size of the 
planking of which the bench is composed. The office of the cast 
iron leg is to make possible a stiff bench without depeni^ing on 
the walls for support, as is the case wuth the usual wooden shop 
bench. 

It would be apparent that this construction lends itself very 
well to various factory conditions as the bench is a unit structure 
when built up that may be changed from place to place without 




Fig. 9. — Methods of Constructing Shop Benches, Using Standard Cast Iron Bench l^gs. 
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damage. The brace between the legs is just at the right height 
from the floor and is so built that it forms a basis for underneath 
shelf and bin construction, if desired. These bench legs are spaced 
not more than eight feet apart and the benches should have a 
maximum overhang of not more than one foot as shown at 2, Fig. 
9. The views at 3 and 4 show the accepted method of arranging 
the planking. The system outlined at 4 m which hardwood 
matched flooring is used is a very satisfactory one, as there is no 
opportunity for loss of small parts through gaping cracks, such 
as exist in the usual hastily constructed shop benches. The method 
of using the bench legs for support of bins or drawers is clearly 
shown at 7, while two methods of corner construction are shown 
at 8 and 10. The former shows the usual practice in building the 
bench around a projecting corner while the latter demonstrates 
clearly the system used in filling a comer. The usual end con- 
struction is outlined at 9. 

Bench Furniture. — The most important item of bench furni- 
ture is the machinist's vise outlined in section at Fig 10, A. These 
are obtained in a variety of types adapted for the various mechani- 
cal trades. The vise for the automobile repair shop should have 
swivel jaws and should be capable of being set at various positions 
relative to the operator by means of a swivel base. The form 
shown in section is the simplest type and may be used for furnish- 
ing most of the bench space. Two or three of the cheaper simpler 
forms of vise may be used to each combination swiveling vise, as 
most of the work will be of a nature to which the simpler vise is 
adapted. The various forms of bench vises are clearly shown at 
Fig. 11. The Massey is a combined form adapted for pipe or 
straight work. The serrated angular jaw platei^ are set beneath the 
parallel jaws used for straight work. The Prentice device is the 
combination form that may be included wdth advantage in the equip- 
ment of all shops. It will be observed that the back jaw is mounted 
in such a way that it may be swiveled to assume any desired angle 
when an irregularly shaped piece is to be held by lifting out the 
locking pin A which serves to keep the jaw in the parallel posi- 
tion when it is in place. In order to swing the entire vise around 
without loosening the anchorage plate it Jsj^ecessary to lift the pin 
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B which keeps the upper and lower parts of the base in a fixed 
j)osition. 

Another form of bench vise that is of value when fitting small 
pieces is known as a die sinker ^s vise because of its almost universal 
use by mechanics of this class. This is carrie(^y a base piece hav- 



Fig. 10. — Some Indispensable Items of Bench Equipment. 

ing a large ball formed at the lower end held firmly between a 
pair of jaws that may be tightly clamped by a hand-locking lever. 
As will be apparent the use of a ball and socket joint to hold the 
vise enables the operator to set his work in any one of a large 
number of positions. By releasing the clamp lever the ball is free 
in its socket and the vise may be set at any desired angle. 

The Columbian p^ern is the old stand-by of blacksmiths and 
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rig. 11. — Types of Vises Adapted for XTse in the Automobile Eepair Shop. 
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wheelwrights, and as it is a form that is subjected to hard usage, 
the retaining clamp which is bolted to the bench in the customary, 
manner is re-enforced by a heavy ball end supportihg foot which 
lests on the floor. This form of vise is carried out further from 
the bench than the other types shown, because a blacksmith must 
handle long pieces of iron or steel and bend them at ^"arious 
angles. 

The use of the pillar for supporting the vise structure is made 
necessary because the work is often subjected to heavy blows in 
the various smitliing operations. The Columbian is usually in- 
cluded as forge eciuipment and is used at the blacksmith’s bench. 

The Oswego and Saunders are forms of vises used only for 
holding pipes and rods. These employ toothed jaws which may be 
adjusted in the frame to accommodate various sizes of pipe. The 
Oswego vise frame is made m such a w^ay that a long piece of pipe 
may be held by opening up the frame and slipping the pipe in 
place between the jaws through the opening provided. In the 
Saunders vise it is necessary to put the pipe in end first which 
may be inconvenient when long lengths of pipe having fittings on 
it IS to be handled. Of those shown, three forms should be in- 
cluded in the equipment of every repair shop, these being the 
types represented by the Prentice, Columbian and Oswego. 

Another item of bench equipment of value is the straight edge 
shown at Fig. 10, B. This is a very useful tool in the automobile 
repair shop, as it is widely used in testing alinement of the various 
units, straightness of frame members or tubes and for all pur- 
poses where comparison must be made with a perfectly true 
smooth and straight line. The form showm is made of cast iron 
of arch construction and w ith a perforated web in order to obtaiq 
maximum strength without too much weight. Another item of 
shop equipment is the surface plate which is shown at Fig. 10, C. 
These are made of cast iron, well ribbed at the back for rigidity 
and with the top surface planed accurately. A surface plate is 
used somewhat as a straight edge is and is a form of gauge very 
useful in determining flatness of surfaces. The bench equipment 
also should include a variety of metal hand clamps, of 

which are shown at Fig. 10. The two screw type haViiig^ parallel 
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jliws is shown at D, while a C clamp is outlined at E. Clamps 
are very useful in holding parts together temporarily that are to 
be fastened by some permanent means. They are useful adjuncts 
to the bench vise and have the added advantage that they can be 
moved when pieces are to be held against members that it would 
be difficult to hold in the vise. For example, in fastening various 
irons and braces to an automobile frame, the clamps are invaluable 
as a temporary means of keeping the members together while drill- 
ing for the permanent bolts is going on. Many of the repair 
operations to be described call for the use of clamps as shown. 

Assembling Room Furniture. — There are a number of articles 
of equipment or furniture that are very useful on the assembling 
floor. That shown at Pig. 12, A, is a bench constructed of heavy 
timbers of such a form that it is well adapted to support automo- 
bile engines when these are removed from the ear frame. A bench 
of this construction is also of value for supporting the various 
crank case components when work is being done on them that re- 
quires that they should be held level and securely. In the illus- 
tration a portion of a crank case is shown in such a position that 
work may be done upon the bearings. The simple supporting fix- 
ture shown at B is exceptionally useful for holding automobile 
rear axles. It is of approximately T form, being composed of two 
pieces of planks and three uprights well braced with iron bars and 
mounted on casters so the load may be moved with but little effort. 
The form of bench used and its actual construction will, of course, 
depend upon the type of axle that is to be supported. The member 
shown is intended for torque tube axles. 

Another very useful piece of furniture is a trestle or horse 
such as showm at C which forms a good means of support for some 
of the parts when these are removed from the car chassis, A pair 
of these trestles should be included in the garage equipment as 
they can be used together to support a front or rear axle, engine, 
automobile frame and other bulky objects. The form outlined is 
a folding steel construction which occupies but little space when 
knocked down. It is strong, light, and fire-proof, all very good 
features in garage equipment. The workman engaged in floor 
work is often handicapped by not having some means of keeping 
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Fig. 12, — ^Miscellaneous Items of Shop Furniture for Use on the Assembling Floor. 
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tools and small parts off the floor when working away from th^ 
bench. The metal table shown at D is very well adapted for the 
individual workman's use, as it is provided with a drawer in which 
tools may be locked and also with a substantial metal top and 
shelf on which work may be done. The table is mounted on wheels 
and may be easily moved, even when loaded to capacity. Another 
useful adjunct to the assembling department equipment is shown 
at E. This is a cast iron bench having a vise attached and mounted 
on a tripod which offers a substantial foundation. There is a com- 
partment immediately below the bench top for holding tools and a 
shelf above the floor that may be utilized for the same purpose. 
The table shown at D when fitted with a rack at the side and back 
is also well adapted for use in the forge room, as it will hold all 
of the blacksmith's tools and cannot be set afire by a piece of 
hot iron as a w^ooden bench is. The addition of the rack makes it 
possible to carry the assortment of tongs usually found at th<" 
forge. 

Three forms of wheeled trucks ai’c sliown at F, G and II. That 
at F is a low framework that may be boarded over and used for 
conveying heavy parts from one end of the shop to the other or 
that can be used just as shown for conveying axles, engines and 
gear boxes wdiich are of irregular form and which could not be con- 
veniently carried by a platform. The truck shown at G is made 
of pipe fittings and is used for supporting automobile frames 
when the springs and axles have been removed. As this is provided 
with w^heels it can be easily moved with its burden as desired. 
The east iron stand at H was designed especially for handling 
transmission gear boxes in a service garage where one particular 
make of car was looked after exclusively. As designed it was only 
suitable for use with the gear box found in this car. By being 
slightly modified to the extent of having adjustable brace members 
joining the two sides it could be used to advantage for a variety 
of purposes. The small wheel truck shown at I is known as a 
creeper" and serves to keep the workmen off the floor when 
working underneath a car. This is provided with a head rest 
at one end and it may be easily moved about without the workman 
using it getting up from his reclining position. These trucks are 
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sometimes provided with a shelf at one side to support tools and 
to insure that these will move whenever the operator does. The 
v arious pieces of furniture outlined will be susceptible to various 
changes that will adapt them to the specific^ work in hand, and k 
repair shop of any pretentions will be able to use all of the furni- 
ture shown to good advantage. * 

Construction and Size of Pits. — The back shop shown at Pig. 
3, A, has two pits, and tlie arrangement of the work benches can 
be seen. At the end of the short bench placed against the boiler 
room wall is a pipe vise, while at regular intervals along the benches 
are placed strong swivel vises. This bench is 30 inches deep, about 
36 inches high, of rough construction, and built very heavy to 
stand abuse. The pits are four and one-half feet deep, three and 
one-half feet wide and 11 feet long. They are lined with heavy 
planking, and stairs permit the workmen to descend and ascend 
without effort. Along the side walls of the pits and about two and 
one-half feet above the bottom, two pieces of two by four scantling 
are fastened, these to support a lioard tliat may be moved from one 
end of the pit to the other, as a seat for a workman. AVith more 
general use of the motor truck it will be well to install a larger 
and shallower pit, as the mechanisms of tliese vehicles are carried 
higher than in the conventional touring car. Such a pit should be 
alx)ut three and one-half feet deep, four feet wide and 14 feet long. 
The edges of all pits should be sharply defined by a surrounding 
frame of two by four scantling, this being a guard to prevent the 
wheels rolling into the pit while mananivering a ear about it. 

The view at Pig. 8 shows tlie depth of the pit with an operator 
standing upright and also depicts clearly the frame work around 
the pit to guide the car wheels. The amount of space allowed be- 
tween the edge of the })it and the workbench is also depicted. In 
some shops it is customary to have a pit cover made in sections so 
that when only one end of a car is to be worked on but a portion 
of the pit is used, the remainder being covered by one section of 
boarding to prevent the workmen at the bench from falling into the 
pit. In gome shops the electric wiring is run to the pit interior and 
ends in a plug socket so that a drop light or extension cord may 
be connected without the necessity of having a long length of wire 
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trailing over the floor as is necessary when the connection is made 
to one of the lamp sockets over the bench. 

Turn Tables, Lifting and Moving Appliances. — In many repair 
shops where the floor area is limited or where t|ie floor space is 
broken up by a number of posts it is often difficult to move cars 
about even under their own power and it takes considerable ma- 
noeuvering to head the car around in the other direction. The ideal 
solution of this prolilem is the turntable in its various forms. The 
simplest and cheapest is in the form of a small wheel truck as shown 
at Fig. 13, having the wheels mounted on a swivel carriage so they 



Fig. 13, — Method of Utilizing Simple Substitute for Turntable. 


can run in any direction. To use this useful accessory the 4rst 
step is to jack up the car as shown at A, and then run the truck 
under the wheels letting the wheels down when the truck is in place. 
The car may be rim onto the trucks under its own power at one end 
while it is necessary to raise the other two wheels in order to use 
the small truck. When four of these are used, one under each 
wheel, it will be possible to swing the heaviest car around without 
much exertion. 

An objection offered to the large turntable is that a pit is neces- 
sary in order to have these flush with the floor level, and most of 
the structures offered are costly. A very simple arrangement that 
will work very well without requiring alterations to the floor is 



Moving and gifting Appliances 49 

shown at Fi^, 14. This rests directly on the floor and consists of a 
circular iron track having a number of ribs or spokes radiating to a 
central hub which serves as a pivotal point for the load carrying 
carriage. The carriage is made up of two channel iron beams fas- 
tened together bf' a spacer casting, having at its center a suitable 
bearing to engage the pivot pin. This serves merely to locate the 
load carriage and is not called upon to supi)ort anj^ pf the weight, 
which is carried by a series of w^heels resting on the track and 
securely attached to the side flanges of the channel section beams. 
As the height of the beams from the floor is but two inches, it is 





Fig, 14. — Outlining Construction of Pitless Turntable. 


possible to use a pair of Avedge shafie planks as an approach to the 
turntable. The side of the channel irons also serves a useful purpose 
besides offering a means of securing the supporting w^heels and 
spacer frame, inasmuch as they offer a guide so the Avheels of the 
car cannot run out of their correct path. These turntables may be 
secured in sizes, capable of handling any weight of car and will 
be found an effective substitute for the more expensive biplt-in 
turntable. ^ 

Two forms of built-in turntable are shown at Fig. 15. will 
be obserA’^ed that wutli these it is necessary to make a pit in whkh n 
portion of the mechanism is concealed. The form shown at A is 
built up of angle irons and steel plates and the load is carried at 
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Tig. 15 — Designs of Turntable Suitable for Garage Use. 
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the centre by a. pivot or step journal mounted on a substantial 
concrete base and at the outer periphery by a series of rollers 
carried in supporting castings securely anchored to the conerete 
foundation. The form shown at B, carries the weight on a large 
ball bearing and has an added feature of havii^g a catch basin for 
water and other drippings from the car at its centre, so this material 
will be conducted to a drain instead of filling the pi;, as is the 
result when no precautions are taken for drawing the liquid off* 
The design shown in section at C, L a modification of the type 
illustrated at B. 

One of the most useful of the accessories comprising lie as- 
sembling floor equipment is the load-raising nnd supporting jack, 
various forms of which are shovn at Pig. 16 . The type at A, is 
a ratchet form having a single trip lever which can be set so that 
the same movement of the actuating bar will either raise or lower 
the lifting ram as desired. The jack at B, is similar to that at A, 
except that the lifting ram is provided with a double head, making 
it possible to use the jack on those low axles where it is difficult to 
get the jack directly under the member to be raised. The jack at 
C, is a double geared arrangement in which the nut serving to raise 
the lifting screw is turned by bevel gears worked by the customary 
lever. The tire saving jack which is shown at D, is used for keep- 
ing the wlieels of cars tliat are to be stored for some time off the 
floor and tliiis relieve the tires of the car w’eight. These jacks have 
the advantage of being very quickly handled and are used one under 
each hub cap of the car to be raised. The lifting ram may be ad- 
justed to suit different wheel heights by means of a series of ratchet 
teeth which enable the lifting link to secure either a long or a short 
hold on the ram member. In addition to the types of jacks shown, 
a number of other forms have been market(‘d wliich do not give 
the quick lifting necessary for use in making repairs, but which 
are much stronger and better adapted for weight carrying purposes 
when the car is to be supported for any length of time. The form 
shown at E, is composed of three substantial wooden legs, formings 
a tripod and jointed together at their apex by angle pieces of steeL 
The lifting ram or screw may be raised or lowered by imparting mo- 
tion to the nut resting on top of the wooden tripod. The form at P, 
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is composed of three castings, the centre one being placed tinder 
the car axle, while the two outside ones form the base of the device. 
The height of the load-carrying Imember can be adjusted to a de- 
gree by placing the clamping bolt which holds the assembly together 
through the desired hole in the lifting ram The form at G, is 
similar in action to that at E, except that the tripod is a substantial 
member made by slotting a steel tube at three points and then 
spreading the legs apart and joining them by the brace pieces near 
the base. The jack or support at H, may be constructed by any re- 
pairman and is made of substantial timbers. The construction is so 
clearly shown that further description should be unnecessary. 

Every repairman has occasions when it is necessary to take care 
of a car which has met with some accident to the wheels, axles or 
steering knuckles, so that it is impossible for the car to proceed 
on its own wheels. Towing such a ear back to the garage is a 
tedious job if proper provisions are not made for supporting the 
injured end of the car in a secure manner and yet one that will 
not offer any appreciable friction. The common method of proce- 
dure with a broken axle or wheel on a horse-drawn vehicle is to use 
a heavy beam as a support for the injured member, one end being 
secured to the good axle, while the other is allowed to trail on the 
ground. This is not a good system to use with a heavy automobile, 
because the friction between the end of the beam and the ground 
IS so great that it will be a great strain on the towing car if the 
load is to be moved for any distance. A simx)le emergency truck 
which is known as the "Weaver Ambulance, and with which the 
makers claim one driver is capable of towing in a disabled car, is 
shown at Fig. 17, A. The truck and one method of using it is 
illustrated, and the marked feature is the ease with which it may 
be attached and removed. Besides being used to support the front 
end of the car, as in the illustration, the truck may be employed 
as a substitute for any one of the wdieels. The tongue portion is 
adjustable to suit requirements of the work to which the device 
is applied. ^ 

Mention has been previously made of the utility of a portable 
crane in the repair shop. These are capable of handling a wide 
diversity of work and it is a practical and not expensive sub- 
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to the work, whereas the work has to be taken to' the usual over- 
head trolley. It is of strong construction, and one man can bundle 
four thousand pounds by its aid, picking the saniNP up with ea^, 
transporting same, and placing it in any desired position. These 
cranes are made in various styles, the or(^inary range of sizes 
adapted for repair shop work varying from ona lo tixree tons’ 
capacity. The crane shown at D is a very substant^I and strong 
form, and is shown m use lifting an engine' put gf a frame at B. 
Another form of portable hoist is shown at C. This is virtually 
a high trestle mounted on wheels and well braced. Two winding 
drums are used, each serving one lifting rope. Owing to the drum 
operation by small pinions and long hand cranks, the leverage is 
very great, and one man may raise any load within the capacity 
of the crane. 

The need of some form of chain hoist in garages wdiere the port- 
able crane is not used is more marked at the present time than 
was formerly the case when automobiles and their components 
were lighter than they are to-day. The rapid growth of the mo- 
tor truck industry also means that heavy j)ieees must be handled. 
Where it was formerly common practice to cast motor cylinders 
individually and m pairs, it is now general practice to use 4 and 
6 cylinder block castings vhieh are difficult to handle, especially 
m the larger sizes. 

The chain lioist also forms an important unit of all overhead 
trolley systems, as a very effective travelling crane may be con- 
trived by using a simple wheeled trolley, running on a commercial 
T-section beam and having a hook to which the chain falls may be 
attached. The Simplex chain hoist shown at Fig. 17, E, is a two- 
speed device permitting great leverage and slow speed for heavy 
loads, and greater speed, though lessened leverage, for lighter 
weight. As will be noticed in the accompanying illustration, an 
endless chain runs over a chain wheel, which in connection with 
a pinion and brake wheel with ratchet teeth in its outer rim 
forms an automatic brake to prevent the load from descending. 

The pinion attached to the hand chain wheel drives a spur gear, 
wdiich is keyed to a second shaft, at the end of which is another 
pinion. The last named member engages with an internal spur 
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gear, which is keyed to the opposite end of the main shaft, to 
w’hich is attached the lift chain wheel. Motion is transmitted 
from the hand chain to the lift chain, and by pulling on the 
hand chain, in either direction, the load is lifted or lowered. When 
hoisting a load the brake wheel, with its ratchet teeth on the 



Fig. 18. — SaowiBg Practical Use of Portable Oraxie j 

Work. 
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outer rim, rotates freely with the hand chain wheel and pinion, 
and without resistance, as the ratchet pawl runs fretdy over the 
teeth. When the pull on the chain wdieel ceases, the pawl engages 
with the teeth of tlie ratchet on the brake wheel, preventing it 
from running backw’ard, and so keeping the load suspended. 

In lowering the load the hand chain is pulled in an opposite 
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direction, and but little effort is required to overcome the friction 
of the automatic brake, thus permitting the load to descend and 
holding the same suspended again, as soon as the" workman stops 
pulling on the hand chain. The load can be lowered at a good 
rate of speed by a continuous pull upon the hand chain. By 
means of an ingenious arrangement o£ the lower blocl^, the lift 
chain is locked to the chain wheel of the lo block, providing 
the two speeds referred to, making for economy of time in handling 
light loads. Closed rings attached to a swinging frame provide 
guides for the hand chain, enabling the operator to stand away 
from under a load, pulling the chain at an angle, without pro- 
ducing any appreciable amount of friction or wear on the chain 
or guide. The construction eliminates the possibility of the chain 
wedging between the wheels and guides. 

In many shops it is inconvenient to provide pits by which the 
workmen may gam access to the under portions of an automobile* 
A very practical elevating device which provides plenty of space 
for working under a car is shown at Fig, 17, P and G. In the 
former illustration the front end is shown raised, while at G the 
rear end is elevated. This consists of a light, inclined runway 
made of planking and timbers upon which the car may be run. 
A pair of hollowed blocks at the upper portion in which the wheel 
tires fit provides a positive stop to prevent the car from rolling 
off the stand. 

Another useful device for use on the assembling floor that 
saves considerable time when an entire end of a car is to be 
raised, as is necessary for inspecting parts of the steering system 
or rear axle faults, is shown at H. This is known as the Weaver 
twin jack, and consists of a triangular framework mounted on 
wheels and carrying two lifting screws actuated by bevel gears 
near the base of the triangular frame. A cross shaft carrying 
similar sized bevel gears actuates the lifting nuts on the vertical 
screws, and is in turn operated by a bevel gear turned by a 
pinion, to which motion is imparted by a hand crank. The gear- 
ing is so arranged that a large amount of leverage is provided 
and the heaviest car may be raised without any exertion. The 
hand crank is mounted in a swivelling bracket, which makes it 
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possible to operate the jack without stooping or to fold the handle 
over entirely out of the way. As the jack is carried on a wheeled 
frame, the car may be moved around even if the two wheels on 
the axle supported by the jack are removed. 

A reader of “Motor Life’’ sends a description of a quick action 
lifting jack that is very well adapted for garage use, though 
too bulky to be included as part of an automobile equipment. 
This form has been widely used in connection with racing, as an 
entire front end of a car may be easily raised and held by the 
fdrce exerted by one man at the end of the long lever when a 
quick tire change is necessary and where every second counts. 
The usual form of lifting jack operating on either the ratchet 
or lifting screw principle would require considerable time to raise 
the wheels clear off the ground, whereas the form depicted at Fig. 
19, A, will do the work in 15 seconds. 

This consists of a handle or lever, 8 or 10 feet long, supported 
and pivoted between two uprights attached to the base.* Under- 
neath the front end of the lever is a swinging post which supports 
the weight of the car when in a vertical position. The size of the 
parts and strength of the lever will vary with the weight of the 
car. The base, uprights and handle may be of wood. The base 
should be about 20 indies long and 6 or 8 inches wid^, having 
the uprights mortised into the sid^ and bra'ced with blocks on tlie 
inside comers. The uprights may be about 4 inches wide, both 
these and the base being of 1-inch material. The height of these 
uprights and length of the post will depend upon the diameter 
ofi;he w^heel and the amount it is to be raised. Supposing that 
the distance from the ground to the underside of the hub or axle 
is ^15^ inches and that the wheel is to be raised 3 inches, then, 
allowing 11/4 inches for the thickness of the base, the length of 
the post will be 173/4 inches minus the thickness of the lever under 
the wheel. 

This post or support may be made either of wood or iron, 
and pivoted underneath the lever in any convenient manner so 
that it will swing freely. An iron rod with one end bent to form 
an eye may be obtained from any blacksmith shop for a feiv 
cents. A bearing may be formed for this rod either from wood 
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blocks or heavy sheet metal attached to the sides of the lever 
as shown. The holes in these blocks as well as the eye in 
upper end of the post should be large enough take a three- 
quarter inch bolt. Another three-quarter Inch bolt may be used 
to support the lever in the uprights. There will be considerable 
space between the sides of the post and the blocks, an^ this may 



Pig, 19. — Quick Action Oar Lifting Jacks and Truck for Use In Towing 

Disabled Oars. 
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be filled by using a number of three-quarter inch washers on the 
bolt. The same method may be used to fill the space between the 
lever and the two upright pieces. 

On the top of the lever, directly above the support where the 
hub or axle rests, a shallow V-shaped groove should be cut so 
that the axle cannot slip off the jack when raised. The underside 
of each end of the base should be rounded off so that the jack 
can be slid over the floor of the garage without the corners catch- 
ing on projections. The operation of raising the wheel is quite 
simple, since all that is necessary is to slip the jack under the hub 
or axle so that the weight will come directly in the groove above 
the support, when the car is raised by pressing down on the 
outer end of the lever. Since the supporting post swings freely 
it will assume a vertical position when the car is raised, so that 
when the weight is taken off the outer end of the lever the post 
takes the entire strain of tlie load. In order to facilitate remov- 
ing the jack from the car, a small wire rope should be attached 
near the lower end of the post and run through a ring in the 
outer end of the lever. Thus when the lever is pressed down the 
post swings free and may be pulled back from under the wheels. 

The jack is shown from two different viewpoints in illustration, 
but it seems that the builder of tliis has not taken the fullest pos- 
sible advantage of his opportunities. If; ^s he says, jacking up 
is slow and tedious work, the device as shown only eliminates the 
work of raising the car by means of the jack, and substitutes for 
it the task of prying up one wheel at a time, then putting blocks 
or some firm and stable object of the right height under the axle, 
next letting the jack down and moving to another wheel. With 
the device as constructed, it would take four different applica- 
tions to lift a car entirely clear off the floor, two at the rear axle 
close to each wheel, and two at the front axle, near each wheel. 

It is possible to reconstruct the jack as outlined so this work 
may be reduced to two applications, one for the rear axle and 
one for the front. This is done by constructing the jack about 
as outlined, but in duplicate, fastening the two together at the 
front end and also at the rear. In addition, it will be necessary 
to make the handle much longer and stouter, for whereas the former 
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jack lifted but 700 to 1,100 pounds or higher, according to the size 
of the car, this one will be required to lift just twice as much evety 
time, namely 1,400 to 2,200 pounds, according to the size and weight 
of the car. ^ 

For this reason, also, it would be well to increase the propor- 
tions all over. Devices of this sort have been built and used 
in many racing contests, in which the smallest fraction of a 
second was valuable. The device in those eases was built of 
metal throughout, light weight being of no object. When the 
signal came for a tire stop on the next round, this w^as wheeled 
out into a convenient position, and when the car stopped it was slid 
under the axle, a couple of men jerked it down, raising the entire 
axle so wheels stood clear off the ground, and in less time than 
it takes to tell it, another pair of men were replacing the wheels 
and tires, or tires alone, as the case might be. These were so made 
with definite proportions that when fully pressed down the jack 
would stay down of itself and did not require a man to stand and 
hold it. 

A home-made cradle for bringing in cars having an injured 
axle or wheel is outlined at Fig. 19, C. It can be constructed 
by any mechanic of average ability from odds and ends, and as 
it does not take up much room it can be stored conveniently when 
not in use, though many uses will be found for it in the garage, 
even when not employed for the purpose for which it was pri- 
marily intended. This consists mostly of a built-up pair of beams 
forming the two long sides of a very acute triangle, the third 
side of which is formed by a pair of small metal wheels and an 
axle, such as might be found on any old farm wagon or other heavy 
truck. The axle is securely attached above the side beams, which 
are fastened together at the front. About 18 inches to 2 feet 
forward of this axle a pair of vertical supports are formed with 
a notch in the upper surface large enough to take an ordinary 
rear axle. In the sketch, the side bars are marked B, B, the up- 
rights for the car axle V, the wheels, W, W, the clips holding the 
axle to the sidebars 0, the forward ends E, and the tie bolt holding 
them together and making a point of attachment TB, The second 
sketch shows the method of use; the cradle is pushed under the 
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chassis, so that the uprights catch the redr axle BA^ then the front 
end E and the through bolt TB are fastened to the front axle 
FA by means of the chain C, This being the case, the rear wheels 
of the car do not rest on the ground, but the small iron wheels, (7, 
of the cradle do, and the car is pulled home on these and the 
regular front wheels. 

The same outfit can be used for an underslung frame by laying 
a board across in place of the uprights, and resting the rear 
axle of the car on this. In doing this, the uprights must be 
removed, so the board should be made with a pair of extensions 
and this bolted in place, using the same bolts as with the uprights. 
A device of this kind has recently been placed upon the market 
by a western firm, this being finished up very neatly alj over, 
while the sketch simply gives the idea for a more or less rough 
home-made cradle. 

Machinery Equipment for Small Shops. — The amount of ma- 
chinery used in repair shop equipment will depend entirely upon 
the size of the shop and the character of the work it caters to. 
The requirements of the average small shop wall be meft very well 
by the use of a 16-inch screw-cutting lathe, a sensitive drill press^ 
an emery grinder or twin wheel stand, and a forge outfit. ’If arf 
classes of work are to be attempted, a small shaper will be found 
very useful, as much of the work that can be done on a milling 
machine can also be accomplished on the shaper, which is a less 
costly machine tool. In all repair shops, irrespective of size, the 
lathe is really the most important tool, and one good sized machine 
of this kind should be included in the equipment of any repair 
shop worthy of the name, no matter how small. Practically all 
classes of machine work may be done on a lathe, as very efficient 
attachments may be obtained on tlie open market that will enable 
a machinist to do milling, gear cutting, and grinding on this uni- 
versal machine tool. Drilling may be done without changing the 
lathe in any way. About the largest part to be handled in any 
repair shop would be an engine flywheel, as far as diameter is con- 
cerned, and the longest piece would probably be a six-cylinder 
crankshaft or live axle. It is not necessary to install a lathe 
capable of swinging 24 inches in order to have a tool available 
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for work that would be unusual, as very effeetive results may 
be obtained by using a gap bed lathe which can be purchased at 
but slight extra cost over that of the regular tools. The M- 
vantages of this type of lathe will be considered in proper se- 
quence. A lathe that will swing 16 or 18 inches will be suffi- 
ciently large for most shops, though it can be supplemented by 
a smaller size adapted for lighter work If the funds permit. In 
buying lathes, especially for a small shop where the machine tool 
equipment is necessarily limited, it is well to 'remember that small 
work can be handled in a large lathe much easier than large work 
can be turned in a smaller one, and where it is imperative that 
but one tool be purchased, it will be the b^st economy to install 
a substantial machine. If a drill press is included, one that will 
sudng 24 inches lias been found large enough to handle nearly all 
parts of automobiles. The sensitive drill press is used for drill- 
ing small holes, and should have a capacity so that it will handle 
drills up to a lialf inch diameter, at least. 

Machine Tool Equipment for Complete Repair Shop. — An un- 
usually complete machine tool oiitht is shown in the shop plans at 
Figs. 5 and 6. With an equipment of this nature all kinds of 
repair work may be accomplished economically and, in fact, the 
outfits shoum are sufficiently complete so competent mechanics will 
be able to build an automobile without outside assistance. As the 
lathe is the king of machine tools, the major portion of the equip- 
ment consists of these useful machines. Seven lathes are pro- 
vided, two being ten inch swing, three fourteen inch swing, one 
eighteen inch swing and one capable of handling work up to 
twenty- four inches in diameter. A universal milling machine upon 
which a wide variety of work may be done is a useful adjunct to 
the lathe. A milling machine can finish flat or irregular surfaces 
which a lathe cannot do unless fitted with a milling attachment. 
It will make Woodruff key ways or straight splines, it can cut 
gears, cams and do a variety of other work that cannot be done 
on the simple lathe. 

A small shaper having about sixteen inches stroke is also 
useful, because it will do much of the work done on a milling 
machine and require simpler tools. While a milling machine has 
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♦V greater range of work and will do it more economically than 
the shaper, the latter can be used to advantage in many cases 
where the cost of milling cutters would be much more than that 
of making the shaper tool and doing the work besides. Both 
milling machine and shaper should be provided, if possible. Three 
drilling machines are provided, one a sensitive drill for light work, 
the intermediate size, a back«geared drill press, and for extremely 
la^ge work, such as drilling frames, boring cylinders, axle hous* 
ings, etc., a radial drill is very useful, as it will handle any part 
of a motor car irrespective of size. A power hack saw, two emery 
grinders, one used for roughing purposes and the other for tool 
grinding, and an arbor press, complete the equipment of this 
machine shop. 

Power for the Shop. — Just as electric current is superior for 
lighting, it also has many advantages as a source of power. The 
electric motor is an ideal power generator, because it is clean, 
efficient, economical, easily started and stopped, compact and capa- 
ble of standing considerable overload. It makes possible individual 
motor equipment of machine tools in large shops and can be used' 
very effectively for driving the line shafting of the smallest estab-^' 
lishment, because it can be suspended out of the way on a platform 
hung from the ceiling or in the smaller sizes placed on a shelf 
attached to the wall or some convenient post. Where electric 
current is not available and where it is not profitable to install 
a generating plant, the gasoline engine is an economical method of 
supplying power. The marked advantage of electric current is 
that it may be employed not only for lighting, but for operating 
various portable drills, polishing machinery, air compressors, etc., 
and it also has a great advantage of generating current that can 
be used for charging storage batteries, which are now included in 
the equipment of all up-to-date automobiles, as a source of current 
for the electric self-starter and lighting system. Where electric 
current is not available from a municipal central station, a garage 
or repair shop of any size will find it more economical to install a 
generating plant and make its own electricity for lighting and 
power than to use a steam or gasoline engine which can only fur- 
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nish poY/er and then depend upon kerosene and acetylene lamps ^ 
for lighting, which naturally increase the fire risk. 

Small Generating Sets. — A typical generating set consisting 
of a four cylinder gasoline engine driving a direct current dynamo 
is shown at Fig. 20. The equipment is furnished in various sizes, 
and an outfit can be purchased that will furnish current econ- 



Tig. 20. — ^Isolated Power Plant for Glenerating Electric Current. 


omically for even the smallest shop. The outfits include switch- 
boards and all necessary governing and control appliances, and once 
the engine is started it requires no further attention, as it will 
perform the various functions incidental to controlling its speed 
and power automatically. Instead of using the line shaft, as would 
be necessary with a gas engine belted direct, it is possible to in- 
stall individual motor drive on the various machine tools, an 
example of which is shown at Fig. 21. When one considers that 
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the average line shaft consumes from 20 to 30 per cent, of the 
power delivered to it in journal friction, if any number of hangers 
are used, or if the shaft is not absolutely aligned, it will be appar- 
ent that the use of individual motor drive will reduce this power 
loss appreciably. When only two or three machines are to be 
driven, it is, of course, more profitable to drive these from a short 
length of shafting than it would be to provide a separate motor 



Fig. 21. — ^Form of liatho Adapted for Direct Drive from Electric Motor. 


for each machine tool, as one motor may be made to serve them 
all where the power requirements are not great. 

The writer does not mean to imply that the internal com- 
bustion motor in its various stationary forms is not adapted for 
I>ower delivery in small units, because many repair shops, some 
having a very complete equipment, obtain their power directly 
from an oil engine which is the most economical of the various 
power-generating units. When a generating set is used it is 
necessary to use an engine of greater power than would be needed 
if belted directly to the shaft line, but as in most installations 




Fig. 22. — Sectional View of One Cylinder Vertical Gas or Gasoline 
Engine Suitable for Automobile Repair Shop Power Plant. 





*68 Automobile Repairing Made Easy 

the electrical current is to be used for lighting as well as power 
it is, of course, necessary to provide an actual surplus over the 
power needed to run the shop in order to furnish the current for 
illumination. 

As practically all automobile mechanics are familiar with the 
explosive motor, owing to its almost universal use as a prime 



Fig. 23. — Outlining Method of Installation of Stationary Gas or Gasoline 
Engine for Shop Power. 


mover in automobiles, it is reasonable to expect that many isolated 
repair shop owners will avail themselves of the opportunity to 
use a source of power with which their workmen are thoroughly 
familiar. A one-cylinder vertical engine adapted for stationary 
power is shown in section at Fig. 22. Two large flywheels are 
used to insure steady running, and the power generated may be 
delivered to the shop line shaft by direct belt connection between 
the engine pulley and a corresponding member on the shaft. The 
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method of installing a horizontal engine adapted for stationary 
power and the provisions made for coolltag the cylinder and dis- 
posal of the exhaust gases are so clearly shown in Fig. 23 that it 
is unnecessary to describe the installation further. For tlEie very 
small shop using but few machine tools, it is not necessary to use 
the type of cooling system required by the larger powered en- 
gines, as the two or three horse-power necessary to operate a 
small latlie, drill press and emery grindei can be delivered eco- 
nomically from the 
simple hopper cooled 
engine, such as sho\\’n 
at Fig. 24. 

Where a gas or gas- 
oline engine is used for 
power, it is necessary 
to provide a substan- 
tial foundation com- 
posed of masonry and 
concrete as shown at 
Fig. 23, or of heavy 
timbers as shov n at 
Fig. 22, in order to prevent excessive vibration of the floor. If pos- 
sible, the engine bed should not rest on the floor, but the foundation 
should be carried down to solid earth. The smaller hopper cooled 
engine of tw^o or three horse-powTr may be bolted directly to the 
shop floor, as these will not vibrate enough to be objectionable. A 
marked advantage of an isolated generating set such as shown 
at Fig. 20 IS that it may be housed in a structure separate from 
the repair shop proper, reducing the first risk, whereas, where an 
engine is belted directly to the line shaft, it is usually in the 
same building as the machinery it drives. 

One of the important advantages accruing through the use of 
a gas or gasoline engine is in the economy of this form of power. 
If an engine is used capable of running on fuel oil instead of 
gasoline, there will be a marked saving, and the absolute limit in 
the low cost of power production wdll have been reached, the 
only forms of power showdng to better advantage being those de- 



Fig. 24. — Gas Engine Suited for Small 
Repair Shop. 
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rivi^ from natural sources, such as wind and water, neither of 
which can be applied universally. The table of power cost pre- 
sented herewith shows the relative expense of various forms of 
power among which are included three forms of steam engines, the 
gas engine using manufactured or natural gas, the internal com- 
bustion motor using gasoline, the electric motor and the oil en- 
gine. Where the power requirements are not severe, the gas or 
gasoline engine in the smaller sizes will not prove so expensive 
to operate as to call for the use of an oil engine which is not as 
easily started or kept in operation as the forms burning gas 
derived from tlie various gas-producing methods or by the vapor- 
ization of volatile hydrocarbons, such as gasoline. 


TABLE OP POWER COSTS 


Type of Power 

Kind of 
Fuel 

1 

Price of Fuel 

! 

Fuel Consumed per Horse- J 
Power per Hour 

j 

Cost per Horse-Power per 
Hour 

Cost per Horse-Power jier 
Year of 300 Days, 10 
Hours per Day 

Cost of Generating Elec- 
tricity, per Kilowatt Hour 
(Gei^ator Efficiency 89 H 
per cent ) 

Saving of Oil Engine per 
Horse-Power per Year (F^el 
2 ^ cents per gallon) 

Steam 

Simple Engine 

Bitununous 

Coal 

$3 00 
per ton 

8 pounds 

$0 01200 

$36 00 

$0 01800 

$27 60 

Steam Compound 
Non-Condensing 

Bituminous 

Coal 

$3 00 
per ton 

5 pounds 

|0 00750 

$22 60 

$0 01126 

$14 10 

Steam Compound 
Condensmg 

Bituminous 

Coal 

$3 00 
per ton 

3 pounds 

$0 00450 

$13 50 

$0 00676 

$ 6 10 

Gas 

Engine 

Illuminating 

Gas 

$0 75 per 1,000 
cubic feet 

18 cu t 

$0 01350 

$40 50 

$0 02025 

$32 10 

Gas 

Engine 

Natural 

Gas 

|0 30 per 1,000 
cubic feet 

12 cu ft 

$0 00360 

$10 80 

$0 00640 

$ 2 40 

Gasoline 

Engme 

Gasoline 

$0 12 per 
gallon 

1 pint 

$0 01500 

$46 00 

$0 02250 

$36 60 

Electricit;y (Motor 
Efficiency 

85 per cent.) 


$0 02 per 
Kilowatt hour 

878 

kw. 

1,000 

$0 01760 

$52 50 


$44 10 

Oil Engine 

Fuel Oil 

$0 02}4 per 
gallon 

1 pint 

$0 00280 

$ 8 40 

$0 00420 
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Power Required for Machine Tools. — The anjount of power 
to be provided in a repair shop depends entirely upon the char- 
acter and number of machines to be driven. If a line of shafting 
is to be used to turn the machinery, and especially if t^iere are 
individual countershafts for each machine, is needed for most 
machine shop tools, it will be necessary to double, tne power re- 
quirements of the tools used, as given in the accompanying tabu- 
lation, to take care of loss of power through belt slip, journal 
friction, lack of machine alignment and other causes. The figures 
given are taken from the best mechanical authority and are an 
average of some widely different estimates for the same class of 
machine. 

Energy Consumption of Common Machine Tools 


* Machine H P. 

Sensitive Pnll .32 

Back Gear Drill Press (20") .42 

Back Gear Drill Press (30") . .45 

Radial Drill (medium size) . . . . 1.12 

14" Lathe 26 

16" Lathe ... . 38 

24" Lathe . .... 44 

30" Lathe . .65 

Speed Lathe . . .15 

Milling Machine (small) . . .19-29 

Milling Machine (laige) .83 

Shaper (14") .35 

Shaper (24") . . . . 52-.70 

Planer (small) . . . .00 

Planer (medium) ... . . ,50 

Tool Grinder (one wheel) . . . .97 

Tool Grinder (two wheel) .. ... 1.15 

Heavy Roughing Grinder (two wheel) . 1.90 

Polishing Stand (High Speed) . . . . 1 00 

Power Hacksaw (12" to 14") . ..... 06 


Installation of Machine Tools. — The placing of the machinery 
will depend entirely upon the ideas of the master mechanic and 
the best method of installing line shafting will, of course, depend 
upon the character of the building and the materials of which the 
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wall or ceiling to which it is attached is constructed. If the 
floor space permits, the machinery should be arranged so that all 
may be driven from a single main line of shafting. It is well 
to remember that a reduction of the length of the shaft and the 
number of hangers for its support decreases journal friction and 
consumes less of the shop power. If the machines are on the 
ground level, as is the case with most small shops, the floor may 
be made of heavy planks, attached to substantial beams laid over 
a foundation of cinders or well grouted crushed stone. A floor of 
cement should always be planked over because the wood flooring 
is much easier on the feet of the workmen. It seems almost 
unnecessary to mention that a perfectly level floor should be 
sought for. It is imperative that the floor be substantial enough 
so it cannot vibrate and have sufficient strength so it will not 
deflect under the w'eight of the machine tools. There is some 
danger from this source, if the machine room is placed on an 
upper floor of a converted building that has not been especially 
constructed for automobile repair work. All machinists and mill- 
wrights agree that the foundation for the bed of a machine should 
have no deflection, if the life of the machines and the accuracy 
of the work performed upon them is to be given consideration. 
The problem is considerably simplified when one considers that 
in automobile repairing, machine tools of great weight are not 
used, so there should be no difficulty due to either floor vibration 
or deflection in any ordinarily well constructed building. 

The floor plans presented at Figs. 3, 4, 5 and 6 inclusive show 
logical arrangements of machine tools that can be followed to 
advantage. The lathes, milling machines and shapers should be 
installed where there will be plenty of light upon them, and it 
is well to group all lathes together, if possible. Drilling and 
boring machines must be installed with ample floor space around 
them so the large work can be handled to advantage. Ample 
room should be allowed around each individual machine, and there 
should be sufficient space between the benches and tools to allow 
the workmen at the bench to pass between the operator at the 
machine and the bench with room to spare. An ideal method 
of installing an electric motor, if this is used as a source of 
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Fig. 25. — Simple Forms of Lathes. 
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power, as would be the case in any city or town where central 
station current was available, is to support it on a stout platform 
suspended from the ceiling at any convenient point and to make 
a direct belt connection with the main driving pulley of the line 
shafting. The proportions between the motor armature pulley 
and that on the line shaft should be such that the speed of the 
shafting wdll not exceed 300 R. P. M. The switches, starting 
rheostats and fuse blocks should be placed on one panel at a 
convenient height on the wall. As an electric motor needs but 
little attention, in some shops it is hung directly from the ceiling, 
i.e., the bas(i is securely attached to the beams by lag screws. If 
precaution is taken to change the location of the lubricating oil 
wells under the main journals, a motor can be operated just as 
well upside down as in any other position. Where central station 
current is procurable and but few machines are used, the indi- 
vidual motor equipment does not have the advantages in a small 
establishment that are presented in its favor when used in the large 
manufacturing enterprises. While an individual motor for each 
machine eliminates a large amount of overhead shafting, belting, 
etc., and conduces to a lighter and cleaner shop, it is doubtful 
if the advantage of rendering each tool or machine independent 
of the others as regards power would compensate for the cost of 
such an equipment. It is doubtful if individual motor drive would 
be an economy in the repair shop if one considers that most com- 
panies supplying current make a fixed service charge, this being 
figured so closely that it is almost as cheap to keep a low power 
motor going all day as to keep shutting it off and on or using a 
varying number of smaller motors having in the aggregate some- 
what less power. Besides, in a repair shop of any size, it is not 
likely that there will be any lull in the work, and power would 
be required from morning to night. 

The Lathe, Types and Accessory Equipment. — Two very simple 
forms of lathes which are better adapted for the private garage 
repair shop than for general work are shown at Fig. 25. That at 
A is a foot power machine that is capable of doing very fine work, 
and that is well adapted for experimental and light repair pur- 
poses. It will swing nine inches and has a space of 25 inches 
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between centers. The tail stock can be set over for taper turning, 
and a swivel tool carriage permits a ^^^de range of work. It is 
provided with a lead screw and is suitable for thread -cutting. 
The lathe at B is a small speed lathe that is shown with a tool 
rest adapted for hand-turning tools. This can be replaced by the 
usual form of cross slide rest, making it suitable for metal turning 
work. A small lathe of this nature is included in many repair 
shops for wood turning and is often fitted w^ith a drill chuck and 
used in place of a sensitive drill for light drilling. A machine of 
this kind is inexpensive and very useful. The Hght screw-cutting 
lathe shown at A is also furnished with a countershaft, making 
it suitable for power drive, tbougli a surpri.^ing quantity of accu- 
rate work may be accomplislied without unduly fatiguing the 
operator, if the foot power form is utilized. 

All lathes, willi the possible exception of the speed lathe, in 
order to be tlioroughly practical for repair shops, should have 
screw-cutting attachments, elevating compound rests, hollow spin- 
dles and a good outfit of auxiliary attachments. Several sizes of 
chucks and face plates, and a steady rest and back rest for long 
work, should also be i)rovided. A lathe that will cut from four 
to forty threads per inch has sufficient range for all ordinary 
shop work. A number of different designs of lathes of latest 
pattern suitable for repair shop use are shown at Fig, 26. That 
at A is the conventional form of engine lathe that has been so 
universally applied in the machine shops of the world. It is back 
geared and provided with a com})lete set of gears for screw cut- 
ting. The difference between this lathe and that shown at B is 
in the change speed gear box x>rovided, by which any desired 
speed of travel of the carriage may be obtained by merely shifting 
a lever. In the form shown at A it is necessary to remove the 
driving and stud gears, and in some cases the lead screw gears, 
and replace them with others for varying classes of work. In 
the form at B any desired gear ratio within the range of the 
tool may be obtained by the simple movement of a gear-shifting 
lever. 

The lathe at C is a gap bed type, one of which should be in- 
cluded in the equipment of i)ractically all repair shops, and if 




Tig. 26.— Outlining Practical Designs of Lathes for Automobile Repair 

Shop Use. 


only one lathe can be purchased this should preferably be of this 
type. The gap in the lathe bed makes it possible to swing much 
larger work than would be possible in either of the forms shown 
at A or B, and a well designed gap bed will not be appreciably 
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Fig. 27. — Typical Screw Cutting Engine Lathe with Complete Equipment 
Adapted for Automobile Repair Work. 


$200, is shown at Fig. 27. This includes a 13-inch swing x 5j4-foot 
bed, back-geared, screw-cutting engine lathe. It is provided with 
automatic longitudinal and cross feeds. The cone pulley has four 
steps for a two inch belt. The ratio on the back gearing is 7 to 1. 
The tail stock is cut away to permit the compound rest to be swung 
around to 90 degrees, and is fitted with a sleeve, bored to conform 
to Morse taper No. 4, and has a self-discharging center. The tail 
stock may be set over for taper turning. The cross feed screw has 
a graduated collar so the feed may be regulated to one-thousandth 
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of an inch. Change speed gears are furnished to cut threads from 
5 to 36, including II 14 pipe thread and one extra compound 
gear to cover all special threads from 3 to 72. The special garage 
equipment consists of the parts outlined in illustrations. These 
are large and small face plates, follow rests, steady rest, com- 
pound rest, centers, wrenches, full set of change speed gears, 
double friction countershaft, four jaw independent chuck, drill 

Universal Joint 



Fig. 28. — Useful Lamp Supporting Bracket for Use on Lathe. 


chuck, set of lathe dogs, and a set of turning and boring tools. An 
equipment of this nature is not only practical, but if the complete 
outfit is purchased the garage man is sure of obtaining a practical 
machine tool for all ordinary repair work. The outfit shown would 
be the same regardless of the size of lathe purchased, except that 
the auxiliaries, such as face plates, chucks, and tools, would be 
all properly proportioned for the machines they were to be used 
with. In purchasing a number of lathes it is not necessary to 
buy a full equipment for each lathe. For instance, two chucks 
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Fig. 29. — ^Useful Appliances to Facilitate Lathe Work. 


and two face plates would be enough for four lathes if these were* 
of the same size. The follow' rest and steady rest, which are not 
used continually and forming the part of one lathe outfit, would, 
of course, be suitable for any others of the same pattern. The 
various types of lathe tools, chucks, etc., will be considered more 
at length in the next chapter, wdiich deals with the small tool 
equipment of the shop. 

A lathe is not complete without a number of additional con- 
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veniences, such as shown at Pigs. 28 and 29. The importance 
of proper illumination of the work is apparent, and this may be 
assured by using a universally jointed incandescent lamp support 
such as shown at Fig. 28. The universal joints make it possible 
to set th'^ lamp at any desired angle and at any point that is most 
convenient for the operator within a wide range. When cutting 
resisting materials, such as the alloy steels used so wddel}^ in auto- 
mobile construction, as w^ll as when taking roughing cuts, the 
lubricant container shown at Pig. 29, A, is of value, as it not 
only is capable of ready attachment to the lathe carriage, but wull 
direct a constant stream of lubricants or cutting compound on the 
point of the tool in order to prevent it from becoming overheated. 
As the container is supported by the carriage, it must move in 
proper relation with the cutting tool. The rack shown at B is 
an important adjunct, inasmuch as it provides a place for holding 
the machinist’s tools where they will be accessible and yet out of 
the way. The base of the rack is designed to fit the lathe shears, 
and will keep various wrenches, files, etc., out of contact with the 
lathe w^ays. A drawer is provided, w^hich may be locked, in which 
the machinist can keep his finer tools, such as the micrometers, 
calipers, etc. Another adjunct to the lathe is the tray mounted 
on a wheeled stand shown at C, designed to be placed under the 
lathe bed to catch chips and borings of metal and keep these 
from the floor. Its construction is very simple, and as it is made 
entirely of metal, it is durable and fire-proof. The various articles 
of equipment outlined are marketed by the New Britain IVIachine 
Company. 

Shapers, Planers, and Drilling Machinery. — Both the shaper 
and planer remove metal from flat surfaces, wliereas the lathe is 
essentially a tool for machining cylindrical surfaces. In the shaper, 
which is shown at Fig. 30, A, the work is mounted in a fixed 
work-holding vise, while the cutting tool is carried in a tool post 
mounted at one end of the reciprocating shaper head. The work 
may be moved laterally by hand or power feed, while the tool 
may be raised or lowered to get the depth of cut by the lever C. 
The tool post is mounted on an index so that it may be set at any 
desired angle. As previously stated, much of the work that can 




Pig. 30. The Shaper and Planer, Two Machine Tools of Utility in Motor Oar RestcHatioiL 
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lie done on milling machines can also be performed on the shaper 
witli less expensive tools. 

The planer, an example of which is shown at Fig, 30, B, is 
better adapted for handling large work than the shaper. In a 
planer the tool is fixed relative to the work, except as relates to 
vertical or lateral feeds. The tool is clamped in the tool post E, 
which is provided with an index fixture similar to that of the shaper 
and a hand feed lever for setting the depth of cut. The tool 
post <jarriage may be moved up or down on the supporting stand- 
ards by means of a hand crank which operates the bevel-raising 
I gears. The work to be machined is secured to the planer bed 
or platen B, which slides upon the ways machined in the bed A. 
As will be evident, the work is brought against a fixed cutting tool, 
whereas in the shaper the work is fixed and the cutting tool recipro- 
cates over the work surface. A planer is useful in machining 
large objects such as motor crank cases, gear boxes and machining 
the flat surfaces on cylinder eastings. 

The drilling machinery provided should include a back-geared 
drill press having a table capacity to swing 24 inches. A typical 
machine of this nature of good design ]s shown at Fig. 31. The 
tool should be back geared, meaning that tlie spindle speed may 
be slowed down for handling large drills or doing heavy work. 
It should have both hand and power feed and a table adjustable 
for both height and position. In the machine shown the table may 
be swung entirely clear or off to one side and large work supported 
directly on the base which is provided with slots capable of taking 
T-bolts. The spindle which holds the drills may be raised by a hand 
lever for quick feed, by a hand w’heel acting through worm gear- 
ing for slow feed and by level gears for power feed. The spindle 
drive shaft is provided with a keyway and passes through the 
main drive bushing which is driven by bevel gears at the top of the 
column. A drill press may also be used for boring and will handle 
large w^ork that cannot be conveniently supported in a lathe. 

A large variety of milling work can also be done if a milling 
machine attachment such as shown at Fig. 32, A, is provided. 
This has a circular base about 12 inches in diameter and a table 
161/2 inches long x GU, inches wide. A longitudinal feed of one 
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Fig. 31. — ^Medium Size Back Glared Upright Drilling Machine. 


foot and a cross feed of 7 inches is provided by the fixture itself, 
which can, of course, be increased somewhat by swinging the drill 
table. The table of the attachment is provided with slots for 
three half-inch T-bolts for clamping work, and the vise jaws pro- 
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Fig. 32, B. A variety of speeds is obtained owing to the friction 
drive. The starting rheostat and switcii are mounted conveniently 
on a base permitting secure attachment to the bench. 

Among the smaller appliances that are comparatively inexpen- 
sive and yet very useful may be mentioned ^he pover hacksaw”, 
which is not only simple but consumes very little power and is 
automatic in action after once being staited. It occupies but little 
floor space and is very useful in cutting pieces from bar stock, such 
as steel, iron, or brass more than an inch in diameter. A typical 
power hacksaw is shown at Pig, 32, C. This consists of a frame, 
reciprocated by a crank, which imparts its motion to the saw 
frame through the medium of a connecting rod. The crank is 
turned by a pulley which is usually belted direct to a very small 
pulley on the line shaft and which turns at a speed considerably 
lower than that member. The feed is automatic and may be varied 
by altering the position of the weight regulating the amount of 
pressure witli which the saw bears against the work. The piece 
to be cut is securely held in a vise attached to the bed of the ma- 
chine which is supported on cast iron legs in order to raise it to a 
convenient height from the floor. A simple trip is provided, so 
that when the piece is sawed through, the drive will be interrupted 
and the saw frame will remain stationary. 

An arbor press of large capacity is almost a necessity, and in 
even the smallest shops some kind of a press is essential for making 
force or jiress fits, removing parts forced on, straightening bent 
axles or tubular housings, and for removing arbors from parts ma- 
chined on the lathes or millers. A press capable of exerting 10 
to 15 tons pressure will be sufficient to cope with any work brought 
into the ordinary shop. One or two smaller arbor presses can be 
used to advantage and should be mounted directly at the ends of 
the large lathe beds, these serving to straighten small jiarts, such 
as valve stems, etc., and to do light work in making force fits, and 
in inserting and removing arbors from all work in which these are 
necessary. 

A number of different designs of arbor presses are shown at 
Fig. 33. That at A, has a distance between screws of 20 inches and 
a distance between the head and table of 36 inches. Its capacity 
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is one hundred thousand pounds and it weighs 870 pounds. It is 
a very convenient press for use in the automobile repair shop and 
its construction makes it specially well adapted for pressing shafts 
into and from pulleys, flyw^heels, gearhubs, etc., and also for 
straightening automobile shafts. The engraving shows the con- 



Fig. 33. — Showing Construction of Arbor Presses and Shaft Straightening 

Machines. 


struction and principle of operation of the machine very distinctly. 
Two large guide screws rise from the table upon which the cross 
head is adjustably supported, as it has two semi-screw nuts and 
toggle mechanism by which the cross head is held fast or released 
for vertical adjustment. The cross head is balanced by weights, 
as shown, and a steadying bar connects the press cup with the press 
screw. A spur-toothed ratchet wheel is fixed on one end of the 
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press screw, this being embraced by a foiked lever head fulcru^^i^ 
to oscillate on the press screw. A double acting spring pawl 
gages the teeth of the ratchet, and a hand crank is attac)i«d to'* the 
press screw in order that it may be raised or lowered quickly, if 
desired. After the object has been placed in the press, the cross 
head in which the central screw is mounted can be instantly dropped 
to tlie vork, and with a few turns of the scr^w the required pres- 



Tig. 34 . — Arbor Press Design of Special Value m Automobile Repair Shop. 


sure may be ai)plied. An important saving in time is thus effected, 
compared with the method where a number of blocks must be 
placed on the bed plate to raise the object sufficiently to be acted 
on by the press screw. Tapering squared sockets are provided in 
each end of the pawl carrier to permit the introduction of the long 
bars, shown leaning against the press base, which will provide a 
very great leverage on the screw. The small arbor press shown at 
C, is of the Greenerd type and is intended to be placed on the lathe 
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ife^ars where it will be handy to the operator. Such a press is very 
i1®eful for small work. 

For straightening shafts a special form of press is provided 
which is superior for that work as it is designed for it. A typical 
shaft straightener is shown at Pig. 33, B. As will be noticed, it is 
very similar in construction to an arbor press, except that the base 
is provided with a slot in which V-bloeks are placed to support the 
shaft. Another V-block is attached to the end of the screw and 



rig. 35. Electrically Operated Grinding Attachment for Lathe Tool Post. 

bears upon the shaft. In order to ascertain if tlie sliaft is properly 
straightened, a pair of centers are mounted in front of the jiress on 
a long bar attached to its base. As a shaft must be placed on 
centers a number of times in .straightening in order to observe the 
progress of the work, the combination shown is evidently superior 
for the purpose. With the usual form of arbor jiress the shaft must 
be taken to a lathe and swmng between the centers after each press- 
ing operation. The process of shaft straightening is a comparatively 
simple one, as it is revolved on centers and the high spot indicated 
by holding a piece of chalk against the shaft surface. The high 
spot is then placed directly under the press screw and the pressure 
brought to bear against the shaft will tend to straighten it, owing 
to its two point support. 

Another very good form of jiress for repair shop use is shown at 
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Fig. 34. At A, the method of removing gears from a shaft is shown, 
w^hile at B, the press is depicted straightening a sha^t. The press 
is easily handled, as a smiftll hand wheel is provided on tke front 
of the machine to run the ram quickly up or down. This press has 
a 36 inch space between uprights, a 12 inch' opening under the 
plate, 26 inch over the plate and 48 inch <^er the lower plate 
or table. Being mounted on wdieels the press ^ean be easily moved 
to any portion of the shop to straighten an axle or over a trap hole 
through which a crank shaft may be placed to remove a flywheel. 
The auxiliary plate at the bottom of the cha nber under the re- 
volving plate has a revolving centre and is s^ery convenient when 
needed. The centre of this plate is provided wdth a self-centering 
surface or a spheneal or ball joint which will insure steady press- 
ure on the centre line of the press even if the w^ork is tilted slightly 
when it is initially placed. With this press one man can exert 
a pressure of t(‘n tons and tw^o men sixteen tons. With the lever- 
age form, the A^orkman is able to ''feeF^ wdiat he is doing, therefore 
the danger of api)lying excessive pressure is avoided. 

Special Tool Attachments of Value. — Many special devices can 
be used to facilitate machine w’ork w^hich should be included in the 
equipment. In automobile repair wmrk many irregular pieces are 
handled, and it w^ould seem to the WTiter that a set of universal 
angle plates, which could be used with equal facility on the bed 
of the drill press or shaper or on the face plate of the lathe, would 
be an excellent investment. Then there are the index heads, which 
can be mounted on almost any machine tool, and which enable 
one to cut gear teeth, mill slots, or drill holes at regular intervals 
around the periphery of a circular piece, without time spent in 
laying out. The vises for holding work on the drill press or 
shaper should be a pattern that they can use on the face plate 
of the lathe, and two or three different sizes can be employed 
to advantage. Special boring bars, cutters, and grinding w^heels 
should be provided, as needed. A small portable electric motor 
as shown in Fig. 35 mounted on the lathe tool rest can be 
used in grinding, both internal and external. For the sharp- 
ening of drills, cutting tools, reamers, etc., small universal bench 
grinders as at A, Fig. 36, driven directly by small electric motor 




Fig. 36. — Practical Forms of Grinding Machinery. 

or by belt from the line shafting, cna be profitably installed. The 
equipment of drills, taps, reamers, etc., will depend entirely upon 
the capital one wishes to invest in special epuipment, but endeavor 
should be made to have an assortment that will include most of 
the standard sizes employed in making automobile parts. These 
are fully considered in the following chapter. 



Special Tool Attachments * 0f 

Another form of bench grinder, provided with straight and an- 
gular rests and capable of driving two wheels, is shown at B, This 
is a slightly heavier form than shown at A, but is not sufficiently 
heavy to require the use of a special support. The grinder shown 
at C, is also intended to be mounted directly on the work bench 
and in contrast to the other forms shown, '/hich are dr} grinders, 
it is provided with a housing and a small water tank for all forms 
of wet grinding. A very useful appliance for use with a bench 
grinder is shown in tins illustration. This is an adjustable work 
rest whieh can be set at any angle, making it especially valuable 
for tool grinding. The machine illustrated at D is a small two- 
wheeled grinder mounted on a substantial bese which incorporates 
a countershaft beneath the table. The grinders shown at A, B and 
C, make it necessary to install either a countershaft with tight and 
loose pulleys or a clutch pulley over them to drive. The grinder 
shown at D, with integral countershaft can be belted directly to 
the mam drive shaft. A grinding macliine for heavy work is shown 
at E. This is the same in general construction as the lighter forms, 
except that it is much more substantial. Attention is directed to the 
surfacing att-achment mounted over the grinding wdieel. This may 
be raised or lowered as desinnl. and as the table is accurately planed 
and surfaced it is very valuable for grinding work absolutely flat. 

In many small shops it is not possible to furnish a very complete 
assortment of machine tools, and while tools designed for a specific 
purpose are always best if they can be purchased, it is sometimes 
possible to do very satisfactory work on simple machines adapted 
for a variety of work. A small bench machine that can be used 
either as a lathe, drill press or milling machine is shown at Fig. 37. 
This may be driven by a small electric motor or can be provided 
with a two-S})eed cone j)ulley, as shown. At A the machine is set 
up for use as a drill press, at B, the change of the attachment 
permits it to be employed for milling. Vertical feed is provided 
so the milling cutter may be raised up or down, and both cross 
and lateral feeds of the work are obtained by hand lever. When 
used as a lathe it is possible to drive the lead screw through gear- 
ing so that an automatic lateral feed is obtained, this making pos- 
sible thread cutting operations. The flat tabh' shown at A, can 
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be supplemented by an index table for use in milling. When 
used as a sensitive drill the feed is by hand lever attached to the 
drill spindle. This tool, which is known as the bench machinist’^ 
is furnished complete with a countershaft milling vise, face plate, 
dividing head and tool post. When used as a drill press, the spindle 
may be adjusted to any desired angle and the work brought to 
the tool if necessary. As a drill its capacity is up to a half inch. 
The spindle fits a number two standard, Morse taper shank. When 



rig. 37, — Combination Tool that Can be Used, as a Lathe, Sensitive DnU 
or Milling Machine, Useful for the Small Repair Shop. 


used as a milling machine the open side design permits the operator 
to do work on long pieces such as cutting keyways, straight, taper 
or Woodruff; squaring ends of long axle, splining and other work 
of this nature. The diameter of the arbor is seven-eighths of an 
inch and the extension arm permits the use of an arbor twelve 
inches long. This machine will cut small spur gears and bevel 
gears. It will consume but one-fourth of a horsepower whether 
used as a lathe, milling machine, or drill. While its capacity is 
limited it can handle such a variety of work that it will be found 
a valuable item of equipment in even a machine shop of some 
pretensions. 
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The repairman who does not use power may find a number of 
small machines turned by either hand or foot that will do very 
good work. A foot power lathe suitable for light repair work 
has been previously described. At Fig. 38, A, a hand-operated 
twist drill and tool grinder is shown, while at B, a small hand 
shaper which can be set up to form part of an ordinary vise is 
shown. The tool is carried by a reciprocating shaper-head worked 
by a handle, and the tool post may be raised o^ lowered vertically 
or set to any desired angle just as the larger shaper tool is. Screws 
are provided for both vertical and lateral feeds and a large variety 
of work may be done. Such a hand shaper may be used for cutting 
keyways, squaring shafts, repairing broken gears that have been 
fixed by the autogenous process where solid metal has replaced 
a number of broken teeth, and for many other repairs that will sug- 
gest themselves to a practical mechanic. 

Miscellaneous Shop Equipment. — A number of useful articles 
of repair shop furniture are illustrated at Fig. 39. A and B are 
end and plan \iews respectively of a substantial stand for working 
on automobile engines. The end purees are cast iron leg members 
having a semi-circular piece at the top. A boss is provided to 
su])port a through shaft upon winch the motor carrying frame 
swings. 'When in the position shown at A, the motor is hung 
upside down, which provides ready access to the engine base. The 
motor carrying frame can be swung completely over until it is 
on the other side of the stand, under which conditions the cylin- 
ders and parts at tlie top of the motor may be easily reached. 
As indicated by the dotted line, the motor carrying frame may 
be set at any intermediate point and firmly locked in place by 
bolting to the semi-circular pieces at the lop of the end castings. 
As will be apparent from the view at B, the motor frame may 
be designed so that the supporting members may be moved in 
order to hold motors of various sizes. With this form of stand 
it is necessary to bolt it securely to the floor owing to the overhang 
of the motor. 

An ingenious portable work-bench which has received applica- 
tion in a number of European repair shops is shown at C. This is 
not radically different from the ordinary work -bench except that it 
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Fig. 38. — Hand Operated Tools of Value in the Small Shop. 
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has wheels under the legs at one end and a pair of barrow handles 
at the other end for moving it about. A vise is mounted at one cor- 
ner of the bench, a box-like shelf underneath pcrmds carrying parts 
that are to be worked on and drawers at the end of the table provide 
a convenient carrying-y>lace for tools. The b^nch is of strong con- 
struction and its steadiness is increased by having roller's under one 
set of wheels only and mounting the vise ana ^(xd drawer so their 
weight IS on the legs tliat have no wheels. A 1 dge may be placed 
around three sides of the bench to prevent tools from sliding off 
when it is moved. 



Pig 39. — ^Repair Shop Furniture of Commendable Design. 
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Where city gas is available as fuel, the brazing stand at D is a . 
practical article of repairsho]> furniture. This consists of a large cast 
iron table carrying an air receiver between the legs and fixtures to 
support the brazing torches at any desired position above the table 
top. The top of the table is protected by fire brick, which members 
are also used to form a furnace to concentrate the heat upon the 



Fig. 40. — Outlining Construction of Supporting Member for Chain Fall 
Attachment and Appliance for Cleaning Machine Farts with a 
Gasoline Spray. 


pieces to be brazed. Complete instructions for use of tliis and other 
forms of brazing appliances to be described will be found in chapter 
dealing with miscellaneous processes. 

The utility of the chain falls has been pre\dously considered, 
and it is somewhat a problem to provide a substantial method of 
supporting these in shops where the overhead trolley is not pro- 
vided. The illustration at the left of Fig. 40 shows a very simple 
and strong supporting fixture for chain falls or other hoists and 
may be easily made by any repair shop mechanic in spare time. As 
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all parts of the device are clearly shown and dimensions given, 
further description is unnecessary. 

One of the most disagreeable jobs incidental to repairing is 
cleaning the accumulation of oil, road dust or grease from parts 
to be worked on. The common method by means of a brush and 
gasoline is wasteful and time-consuming, and it is not possible to 
penetrate all corners thoroughly, as man} of these are inaccessible. 
Gasoline or kerosene under pressure will remove dirt without using 
large quantities of liquid. A typical cleaning outfit is shown at 
the right of Fig. 40. This consists of a large receiver fitted with a 
pressure gauge and with a shut-off valve to which a hose connec- 
tion is made. The tank is filled about half full of the cleansing 
liquid. The hand pump provided is used to force air pressure into 
the container in order to produce a spray of liquid having force 
enough to dislodge the particles of dirt. These are inexpensive 
and will save their cost in a short time by the saving in cleaning 
liquid. 

In some large cities, notably New York, Chicago and Boston, 
there has been considerable agitation on the part of the muni- 
cipal and insurance authorities toward the enactment of legisla- 
tion making it compulsory for the automobile repair shop or garage 
proprietor to install separators attached to the floor drains in order 
to prevent volatile inflammable oils, such as gasoline, kerosene and 
lubricants from flowing into the sewer. A device which has been 
proposed by the New York authorities is shown at Fig. 41. It 
IS built of boiler plate and standard pipe fittings and the pro- 
portions can be easily ascertained by inspection of the illustration. 
The floor drain is connected to the main drum upper portion and 
all water from the floor must flow into that chamber before it 
can pass into the sewer. As gasoline and lubricating oil are 
lighter than water, they will float on the top of that liquid and will 
drain off through the vertical stand pipe extending from the 
partition forming the top of the lower compartment to a point just 
above the water line. The lower compartment is provided with a 
gauge to show the height of liquid, a drain cock by which the 
lower compartment may be emptied and a large cleanout plug for 
the removal of sludge and residue that will not drain out through 
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the eoek. A vent pipe extends from the lower compartment to 
the air in order to prevent the accumulation of any pressure due 
to gas generation from vaporization of the volatile liquids. The 



Fig. 41. — Separator Intended to Keep Volatile Inflammable Liquids from 
Entering City Sewers. 


upper portion of tlie container and tlie pipe connections are also 
provided with cleanont plugs. 

Another form of se})arator is shown at Fig. 42. This is marketed 
to meet tlie requirements of the fire and building departments of 
New York City and is known as the Paragon Separator. It is 
said that the best position for this device is near the side walk and 







Separators for Drainage 

under the floor with a hand pump projectin^^ through the floor. 
The waste water containing gasoline and oil enters th . branch floor 
drain and flows into a sand box where all solid matter is extracted. 
Prom this point the liquid flows through a screen into a U-shaped 
container and then out through a discharge pipe into the street 
sewer. Inside the mam portion of the U-shaped container is the 
cylindrical oil chamber in w^hich the volatile ^iquids are collected. 



rig. 42. — Another Form of Separator for Garage or Repair Shop Use. 


As before stated, these are lighter than water and will float on the 
surface and thus enter the oil chamber through a suitable opening 
at the back of the cylinder. An indicator with a ball float shows 
the level of liquid in the oil chamber and when a sufficient quantity 
IS indicated it may be drawn out by a hand pump. Two air vents 
are provided, one running to the roof for taking out the impure air, 
while another one runs to the sidewalk to let in fresh air which is 
heavier than that saturated with hydrocarbon vapor, thus driving it 
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out. The sand box is placed in a convenient position so to afford 
ready access when new filtering material is needed. Belief pipes 
are provided in both the U-shaped container and in the oil chamber 
to prevent the accumulation of any pressure in either of these por- 
tions of the separator. 

Air Compressor Tjrpes. — All up-to-date repair shops, especially 



Fig. 43. — Portable Electrically Operated Air Compressor Outfit. 


if they are an adjunct to a garage, or if they cater to tire repair 
work, have some power-driven source of compressed air. A blast of 
air has many uses besides that of filling pneumatic tires, as it can 
be used for lilowing out loose carbon particles from the combustion 
chamber or light chips and steel fragments from gear boxes or rear 
axle housings. The air blast may also be used for cooling heated 
steel gradually when annealing it and can also be employed for 
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testing pipe joints, fuel containers, etc. The illustration at Fig. 43 
shows a portable, electrically driven power pump suitable for public 
or private garages and repair shops. It is simple and compact in 
construction and as it is mounted on a wheeled base it can be easily 
drawn around the building or outside to the curb A tank, 12 inches 
long and 6 inches in diameter, into which the pump discharges, 
prevents condensation and oil from entering and miuring the tire. 



Fig 44. — Conventional Forms of Air Compressors. 


It is said tliat the pumping action is very rapid, as a 35 x 4 inch 
tire can be pumped from fiat to 70 pounds pressure in one and one- 
half minutes. The motor is a Westinghouse, one and a quarter horse- 
power capacity, designed to operate from the lighting circuit and 
may be secured in any of the voltages commonly used. 

A group of air compressors of different designs is shown at Pig. 
44. That at A, is a powerful, hand operated double pump suitable 
for those garages and repair shops not provided with mechanical 
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V 

^ ppwei?* ' It is operated through a lever which is sufficiently long so 
eaii be worked by one or two men standing upright. The form 
at B is a substantial power-driven compressor of large capacity 
having an oscillating cylinder. This type is used only in large 
repair shops where it is necessary to use a large air tank which must 



Fig. 45. — Sectional View Showing Hale Curh Box Installed with Auto- 
matic Air Compressor and Storage Tank. 


be constantly filled. The air pump at C, has a vertical cylinder 
and is driven from an electric motor by means of a spur pinion on 
the armature shaft which meshes with a large gear on the pump 
crankshaft. Tliis is attached to a substantial iron base and is 
intended to be bolted to the floor. A small portable power pump 
for use on the bench is shown at Pig 44, D. This also is driven 
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by an electric motor, the power being transmitted from the arma- 
ture by belt connection to the rim of a large fiywhee^-pnlley attached 
to the crank disc of the pump. The outfit at E is similar in opera- 
tion to that shown at C, except that a two cylinder air compressor 
18 used. This is practically the same in general construction as 
the other forms illustrated, except that the use of two cylinders 
makes for a more steady flow of air. 

A complete air compressor outfit provided with automatic regu- 
lating means and an apparatus to distribute air at the curb is shown 
at Pig. 45. This enables automobile owners to secure a supply of 
air without having to drive the car into the garage or dragging 
a portable air compressor outfit across the sidewalks. The accom- 
panying diagram clearly shows the arrangement of this outfit. A 
tank is buried in the ground and this connects with the cotnpressor 
outfit located in the basement. The lid of the curb box is flush 
with the sidew^alk and in a few inches from the curb. The user 
raises the lid, takes out the hose and wdien the operation of tire 
inflation is complete, the hose returns to the box automatically 
when it is released. The air compressor installation consists of a 
reservoir or tank in the basement, an air compressor driven by an 
electric motor and a control panel. When the air pressure in the 
tank reaches a certain predetermined amount, an automatic switch 
breaks the circuit and the motor ceases to drive the pump. As 
soon as the pressure falls below the minimum allow^able, the auto- 
matic switch again functions to close the circuit and start the pump 
going. In addition to the pipe leading to the curb box a branch 
pipe may be run to the garage interior and to the repair shop as 
wtII. 

Liquid Fuel Storage. — The problem of liquid fuel storage is 
an important one for garages or repair shops, especially in cities 
where the municipal regulations pertaining to the storage of vola- 
tile hydrocarbons are severe. If the fuel is to be used only 
for shop purposes, either of the fuel storage systems shown at 
Pig. 46, A and B, will prove practical. That at A is the hy- 
draulic system in w’hich the gasoline stored in an underground 
tank is forced out by displacement, water flowing into the tank 
from the city main. The outfit at B also includes an under- 




Fig. 46. — Methods of Liquid Fuel Storage Suitable for Repair Shops and 

Garages. 


ground tank which is placed outside of the walls of the build- 
ing, but the gasoline is drawn from the tank by a plunger 
pump. Where gasoline is sold to passing motorists two appliances 
that will promote quick service are shown at Fig. 46, C, and D. 
That at C, is a box designed to be placed outside of the garage or 
repair shop near the door or driveway so that cars do not need to 
run into the garage to be filled. This serv^es merely to support 
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a measuring pump drawing fuel from an wSS^erground tank and 
hose which will extend from the pump tol^e |uex container of 
the car. The outfit shown at D, consisis a rectangmalMank 
mounted on wheels and having the usual foi^ of measuring ^&p. 
This tank will hold several barrels of fue4 ean be moved 



Fig. 47. — Outlining Two Practical Methods of Raising Liquid Fuel from 
Underground Tanks. 


from place to place and the measuring pnmp insures that the liquid 
will be dispensed in proper quantities and without waste. 

The principle of action of the hydraulic fuel supply system is 
shown at Fig. 47, A. The various parts comprising the assembly 
are clearly outlined. When it is desired to draw out gasoline it is 
merely necessary to open the water control valve which permits 
water to flow into the tank to displace the fuel. At Fig. 47, B, the 
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usual form of automatic measuring pump is shown. This is pro- 
vided with a series of stops, so quantities varying from one pint to 
one gallj^n may be pumped by limiting the stroke of the pump. 
A two-way discharge provided, one for filling cans, the other for 
attaching a supply hose to reach to the car tank. A meter is fitted 



Fig. 48. — Showing Forge Equipment Suitable for Automohile Bepair 

Shops. 

that will indicate every gallon pumped. The pump plunger is 
actuated by a spur rack which is operated by a pinion turned 
by a hand crank. But little force is needed to operate this pump 
owing to the large leverage provided by the hand crank and the 
email pitch radius of the pinion. 


Uepair Shop ¥<yrge Equipment lOT 

Complete Forge Equipment Desirable. — Quite a number of re- 
pair jobs involve blacksmithing or brazing processes and two dili- 
tinct forges should be installed. The usual equipment is a steel 
forge of medium size, with a power-dru en rotary blower, 
to be used for forging and welding. For biazing, melting bab- 
bitt metal, hardening and tempering, annealing, and heating sol- 
dering irons a gas forge should be used, this taking its air from 



Pig. 49. — Complete Blacksmitlimg Outfit of Value in Small Repair Shop 

Equipment. 


the tank of the air compressor outfit, and its gas from tlie city or 
town mains. In the smaller towns and villages the portable gasoline 
brazing forge can be used to advantage, providing that coal or 
water gas is not available. In the accompanying illustration, Fig, 
48, a simple and practical forge outfit is shown, this including 
both gas and coal burning types. Between the coal and gas forge, 
a stout bench is usually erected, this having a strong vise and a 
large drawer. This bench can be used in both brazing and solder- 
ing processes, and the drawer can be divided into two compartments, 
one to hold the blacksmith tools, the other the soldering irons and 
sheet metal tools. The vise is handy to the workman at either forge. 
The remaining equipment is simple, a medium sized anvil, heavy 
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an^^medium sledge hammers, three or four forge hammers, tongs 
for holding round, fiat and irregular work, cutting off tools or 
hardies’^ for both cold and hot cutting and the flatting and 
swaging tools with handles of conventional patterns. 

The gas forge shown is made of standard pipe and fittings, 
the table is a framew^ork of iron pipe, across the top of which 
a piece of sheet steel serves to support ordinary firebrick against 
which the flame may be directed. A small hand torch is provided, 
^this for use on the smaller brazing or soldering jobs. The melting 
ladles can be placed over either coal or gas flame, and either forge 
will melt the anti-friction metals used in lining bearing boxes. 

The parts of a blacksmith equipment for repair wwk that 
may be purchased as a complete outfit for around $50.00 are shown 
at Pig. 49. While two or three of the tools are intended for use in 
horseshoeing they can be employed to equally good advantage in 
the automobile repair shop. These consist of the farrier’s ham- 
mer, knife and pincers. The remaining tools wull be found suit- 
aMe for lise in general metal work. A post drill is })rovided 
wiuj^ is a very practical tool for shops not provided wfitli power. 
Air outfit of drills in standard sizes is usually supplied wdtmh^ 
tool. The forge is light and compact and a hand-operated 
is utilizes to furnish the blast. A post vise, medium siz^‘«nv]l, 
.Ifand sledge and various small tools complete this set.^' In a shop 
already furnished with various machine tools the only p^rts of the 
outfit needed would be the forge, anvil and post vise. Tongs can 
be made as needed to best suit the requirements of th^ work at 
hand. 

In large repair shops, where considerable tool dressing is done 
and where it is necessary to heat-treat various parts, the electric 
furnace shown at Fig. 50 will prove a good investments*. The 
amount of heat may be regulated within close limits and suffi- 
ciently high temperatures may be obtained for hardening, car- 
burizing or annealing any pieces within the range of the furnace. 
While it is not expected that a furnace of this type will be used 
in the small or medium size shops, there is sufficient Work in the 
large establishments or service stations to warrant the installation 
of a furnace of this nature, if electric current is available, or ^n 
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equivalent gas, or oil-burning type where it is nof convenient to 
use the electrically heated form. The almost universal use ofdi^h 
grade alloy steel in the construction of automobiles n^es it neces-^ 
sary for the repairman to have some knowledge of heat treatment 
of the various special steels. They cannot be machined unless an- 
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nealed and are of but little more value than ordinary machinery"^ 
steel p^rts if they are not properly heat-treated to bring out the 
physi(!al characteristics desired after fabrication. A review of the 
various hi|at-treating processes, (‘speciallj^ those needed for the 
different Malloy steels used in automobile construction, will be found 
in the chapter dealing with miscellaneous processes. 



CHAPTER II. 


SMALL TOOL EQUIPMENT FOR REPAIR SHOPS 

_Tools for Adjusting and Erecting — ^Drilling Machines — Machine Aeoessoriee 
— Measuring Tools — Lathe Accessories and Lathe Tools — Miscellaneous 
Tools — Special Tools to Facilitate Repair Work — Wheel and Gear Pullers 
— ^List of Tools and Supplies for Typical fehop. , , 

T:&ere are so many small items of equipment entering into 
the outfit necessary to carry on repair work economically and effi- 
ciently, and so many supplies are needed that it is difficult to dis- 
tinguish between the tools used only on the car and others 
s^kve a general purpose about the garage or repair shop, 
pilvious chapter the various forms of machine tools th^t^% a 
place in the machine room equipment have been described, so in 
this chapter endeavor will be made to confine the di^ussion to« 
the smaller tools used in assembling and dismantling automobiles 
as ,well as in making the necessary adjustments to the various ma- 
chine parts. 

3®achine tools in themselves are of little value without ah ^de- 
quafe supply of smaller tools to be used in connection with tjiem. 
For example, a lathe could not be employed to advantage without 
a complete set of accessories and citing tools, while a drilling ma- 
chine would be valueless if not supplied with proper chucks and 
drills for making the holes. We will first consider the small tpbl 
efuipment, such as would be used by automobilists or repairmen in 
making the everyday adjustments on the car, then the tools that 
are of special value to the machinist and lastly those special ap- 
pliances which facilitate repair work and which usually can pe 
made cheaper than they can be purchased. 

Tools for Adjusting and Erecting, — A very eomplet|u outfit of 
small tools, some of which are furnished as part of the tdol equip- 
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j. ment (kt various ears kxe j^s^wn iu gj^j^at Piga^ 51. g^oup 
^ includes all of the tools 'necessary to C^pjete a very 
kit kn4 it is liot unusual for the floor man who is oontiniialllr 
mantling and erecting cars to possess even a larger assortment |;han 
indteatkd. The small bench vise provided is a useful aiixilif^-ihai 
can be clamped to the running board of the car and should Aave 
jaws at jeast three inches wide and capable of opening ,fou^ or 
five ifich&s. ^t is especially useful in that it will save trips to the^ 
bench vises and can also be carried as part of the tool equipmfeiilit 
by t^e motorist to advantage, as it has adequate capacity to 
practjically any of the small parts that need to be worked on%han 
maEing repairs. A blow torch, tinner’s snips and soldering copper 
ar6 very useful in sheet metal work and in making any repairs 
requiring the use of solder. The torch can be used in any operation 
reqfiiffe^ a source of heat. The large box wrench shown under ''the 
vise is used for removing the wheel hub cap and sometimes has one 
^nd iff I4ie proper size to fit the valve chamber cap. The piston ring 
removers are easily made from thin strips of sheet metal securely 
braied or soldered to a light wire handle. These are used in sets 
of three for removing and applying piston rings in a manner to 
be in^cated in the next chapter. The uses of the wrenches, screw 
drivers, and pliers shown are known to all and the variety outlined 
should be sufficient for all ordinary work of restoration. The wrench 
equipment is very complete including a set of open end S-wrenches 
to fit all standard bolts, a spanner wrench, socket or box wrenches 
for bolts that are inaccessible with the ordinary type, adjustable 
end wrenches, a thin monkey wTcnch of medium size, a bieycle 
wrench for handling small nuts and bolts, a Stillson wrench for 
\ pipe and a large adjustable monkey wTench for the stubborn fasten- 
ings of large size. 

Three dif|e^nt types of pliers are shown, one being a parallel 
jaw type with size cutting attachment, while the other illustrated 
near it is a combination parallel jaw type adapted for use on ro*and 
wo^ a^well as in handling flat stock. The most popular form 
of ^lieJW^ is the combination pattern shown beneath the socket 
wreni^h set. This is made of substantial drop forgings having a 
^ing€^ joint that can be set so that a very wide opening at the 
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jaws i» possibW.'f These .iEa»J)e TJBea.jp ^g^iinQ!^WjOrk*aad lor wire 
^"cutting as well as for h Addling flat \ V ; 

very complete set of files, including square^ hatt'^roUmd, 



^JTig. 52. — Forms of Hammers Suitable for the Automobile .Rej^itaian's 
^ Tool Kit. 

3|iill„ flat bastard, three-cornered and rat tail are also &cesl^ry. 
A hacksaw frame and a number of saws, some with finb teeth for 
tubing and others with coarser teeth for bar or solid st^k will 
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be fotln4 .atoost i 0 dii 4 |)^nsablef'^ W complete puncl^ and chiM set 
Should bo whkh aire sbo^vn in "the 

while the cons^^lfete outfit is outlined in another illfistration. A 
numbef of dilferent forms and sizes of chisels are necessary, as one 
typo is not suitable for all classes of work. The adjustable end 
^enchse can be used in many places where a monkey wa^ikich' 
cannot be fitted and where it will be difficult to use a wrepch 
having affixed opening. The Stillson pipe wrench is usef|il in 
turning .^tuds, round rods, and pipes that cannot be turned fby 
ai^ other means. A complete shop kit must necessarily incl|^4o 
various sizes of Stillson and monkey wrenches, as no one size can 
be expected to handle the wide range of work the repairman must 
cope with. Three sizes of each form of w^rench can be used, One^^a„ 
6 inch, is as small as is needed while a 12 inch tool will handle 
alAost any piece of pipe or nut used in a motor car. For lai?g^ 
work a 16 inch or 18 inch Stillson will be found of value. 4 - 

Two or three sizes of hammers should be provided, according 
to individual requirement, these being small riveting, medium and 
heavyweight machinist’s hammers. A very practical tool of this na*' 
ture for the repair shop is shown at Fig. 52, A, as it can be used^ 
as a hammer, screw driver or tire iron. It is known as the 
“Spartan” hammer and is a tool steel drop forging in one piece 
having the working surfaces properly hardened and tempered while 
the metal is distributed so as to give a good balance to the head 
and a comfortable grip to the handle. The hammer head provides a 
positive and comfortable T-liandle when the tool is used as a screw 
driver or tire iron. Machinist’s hammers are provided with three 
types of heads, these being of various weights. That at B, is'lhe 
form most commonly used and is termed the ‘ ‘ ball pein ’ ’ on ac- 
count of the shape of the portion used for riveting. The straight 
pein shown at C, is just the same as the cross pein shown at D, 
except that in the latter the straight portion is at right angles to 
the hainmer handle, while in the former it is parallel to thut, 
memb^, ' / 

A self-adjusting monkey wrench which is known as the “speed 
uut” is #iown at Fig. 52, E. The act of pulling on the handle 
tightens the wrench on the nut by means of a rack which is fori^ed 
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integral with tha movable jaw and a portion of a pinion meshing 
with it at the end of the handle. Pulling on the handle tightens 
the wrench on the nut and the harder one pulls, the more securely 
the nut is gripped. As moving the handle in the opposite direction 
spreads the jaws apart, a sort of a ratchet action is possible if the 



handle is alternately pulled and pushed, rendering it unnecessary 
to take the wrench off and secure a new hold on the nut or bolt 
head for each turn. The wrench is composed of only three pieces 
and the smallest size will fit nuts varying from ^-inch to ')^-inch. 
In order to unscrew a nut it is necessary to turn the wrench over 
so the handle will be pulled in the opposite direction to that used 
in screwing the nut down. This insures a secure grip in either 
case and permits of a ratchet motion without setting any trip or 
pawl. The hacksaw frame shown at Pig. 51, is a solid type adapted 
only to take one length of blade. As hacksaw blades are made in 
varying lengths it may be possible that a longer one than that frame 
was made for would be the only thing available. In such a case 
the adjustable hacksaw frame showm at Fig. 52, P, would permit 
of using a longer saw blade by merely extending the frame as 
far as is necessary. 
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Wrenches have been made in infinite variety and there are a 
score or more patterns of different types of adjuf.table socket and 
off-set wrenches. The various wrench types that differ from the 
more conventional monkey wrenches or those of the Stillson pattern 
are shown at Fig. 53. The ‘‘perfect handle ’’ is a irop forged 
open end form provided with a wooden handle similar to that used 
on a monkey wrench in order to provide a better grip for the 
hand. The “ Saxon wrench is a double alligator foim, so called 
because the jaws are in the form of a V-groove having one size 
of the V plain, w^hile the other is serrated in order to secure a tight 
grip on round objects. In the form shown, two jaw's of varying 
sizes are provided, one for large work, the other to handle the 
smaller rods. One of the novel features in connection vdth this 
wrench is the provision of a triple die block m the centre of the 
handle which is provided with three most commonly used of the 
standard threads including 5/16-inch-18, %-mch46, and l/^-inch- 
13. This is useful in cleaning up burred threads on bolts before 
they are replaced, as burring is unavoidable if it has been neces- 
sary to drive them out vith a hammer. The “Lakeside’’ wrench 
has an adjustable pavl engaging with one of a series of notches 
by which the opening may be held in any desired position. 

Ever since the socket wrench was invented it has been a popu- 
lar form because it can be used in many places wdiere the ordinary 
open end or monkey wrench cannot be applied owung to lack of 
room for the head of the w^rench. A typical set which has been 
made to fit in a very small space is showui at D. It consists of a 
handle, wdiich is nickel plated and highly polished, a long extension 
bar, a universal joint and a number of case hardened cold drawn 
steel sockets to fit all commonly used standard nuts and bolt heads. 
Tw^o serew^ driver bits, one small and the other large to fit the 
handle and a long socket to fit spark plugs are also included in 
this outfit. The universal joint permits one to remove nuts in a 
position that w^ould be inaccessible to any other form of wrench, 
as it enables the socket to be turned even if the handle is at one 
side of an intervening obstruction. 

The “Pick-up” wrench shown at E, is used for spark plugs 
and the upper end of the socket is provided with a series of grooves 
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into which a suitable blade carried by the handle can be dropped. 
The handle is pivoted to the top of the socket in such a way that 
the blades may be picked up out of the grooves by lifting on the 
end of the handle and dropped in again when the handle is swung 
around to the proper point to get another hold on the socket. The 
Miller’’ wrench shown at F, is a combination socket and open 
end type, made especially for use with spark plugs. Both the 
ippen end and the socket are the same size and either may be 
msed as is the most convenient. The “Handy” set shown at G, con- 
sists of a number of thin stamped wrenches of steel held together 
in a group by a simple clamp fitting, which enables either end of 
any one of the four double wrenches to be brought into play ac- 
cording to the size of the nut to be turned. The “Cronk” wrench 
shown at H, is a simple stamping having an alligator opening at 
one end and a stepped opening capable of handling four different 
sizes of standard nuts or bolt heads at the other. Such wrenches 
are very cheap and are worth many times their small cost, especially 
for fitting nuts where there is not sufficient room to admit the 
more conventional pattern. The “Starrett” wrench set, #hi«ih is 
shown at I, consists of a ratchet handle together with ah Extension 
bar and universal joint, a spark plug socket, a drilling attachment 
which takes standard square shank drills from ’^-inch to ^-inch 
in diameter, a double ended screw driver .bit and several adjust- 
ments to go with the drilling attachment. Twenty-eight assorted 
cold drawn steel sockets similar in design to those shown at D, to 
fit all standard sizes of square and hexagonal headed nuts are also 
included. The reversible ratchet handle, which may be slipped 
over the extension bar or the universal joint and which is also 
adapted to take the squared end of any one of the sockets is ex- 
ceptionally useful in permitting, as it does, the instant release of 
pressure when it is desired to swing the handle back to get another 
hold on the nut. The socket wrench sets are usually supplied in 
hard wood cases or in leather bags so that they may be kept together 
and protected against loss or damage. With a properly selected 
socket wrench set, either of the ratchet handle or T-handle form, 
any nut on the car may be reached and end vTenches will not be 
necessary. 
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XJ^e and Care of Files 

Mention has been previously made of the importance of provid- 
ing a complete set of files and suitable handles. These shoiild be 
in various grades or degrees of fineness and three 6f each kind 
should be provided. In tlie flat and half round files three grades 



Fig. 64. — Illustrating Use and Q^re of Files. 
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are necessary, one with coarse teeth for roughing, and others with 
medium and fine teeth for the finishing cuts. The round or rat 
tail file is necessary in filing out small holes, the half round for 
finishing the interior of large ones. Half round files are also 
well adapted for finishing surfaces of peculiar contour, such as the 
inside of bearing boxes, connecting rod and main bearing caps, etc. 
Square files are useful in finishing keyways or cleaning out burred 
splines, while the triangular section or three-cornered file is of 
value in cleaning out burred threads and sharp corners. Flat files 
are used on all plane surfaces. 

The file brush shown at 54, A, consists of a large number of wure 
bristles attached to a substantial wood back having a handle of 
convenient form so that the bristles may be drawn through the 
interstices between the teeth of the file to remove dirt and grease. 
If the teeth are filled wuth pieces of soft metal, such as solder or 
babbitt, it may be necessary to remove this accumulation with a 
piece of sheet metal as indicated at Fig. 54, B. The method of 
holding a file for working on plain surfaces when it is fitted with 
the regular form of wooden handle is shown at C, while two types 
of handles enabling the mechanic to use the flat file oii plain sur- 
faces of such size that the handle type indicated at C, could not 
be used on account of interfering with the surface finished are 
shown at D. The method of using a file when surfaces are finished 
by draw filing is shown at E. This dififers from the usual method 
of Sling and is only used when surfaces are to be polished and ver}^ 
little metal removed. ' 

One of the most widely used of the locking means to prevent 
nuts or bolts from becoming loose is the simple split pin, sometimes 
called a ‘‘cotter pin.’’ These can be handled very easily if the spe- 
cial pliers shown at Fig. 55, A, are used. These have a curved jaw 
that permits of grasping the pm firmly and inserting it in the hole 
ready to receive it. It is not easy to insert these split pins by other 
means because the ends are usually spread out and it is hard to 
enter the pin in the hole. With the cotter pin pliers the ends may 
be brought close together and as the plier jaws are small the pin 
may be easily pushed in place. Another use of this plier, also 
indicated, is to bend over the ends of the split pin in order to 
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prevent it from falling out. To remove these pins a simple curved 
lever, as shown at Fig. 55, B, is used. This has one end tapering 
to a point and is intended to be inserted in the eye^of the cotter' 
pin, the purchase offered by the handle permitting of ready re- 



Tig. 65. — Outlining Use of Cotter Pm Pliers, Spnng Wmder and Showmg 
Practical Outfit of Chisels. 


moval of the pin after the ends have been closed by the cotter pin 
pliers. 

A complete chisel set suitable for repair shop use is also shown 
at Fig. 55. The type at C, is known as a ‘‘cape” chisel and had 
a narrow cutting })oint and is intended to chip keyways, remove 
metal out of corners and for all other work where the broad cut- 
ting edge chisel, shown at D, cannot be used. The form with the. 
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wide cutting edge is used in cliipping, cutting sheet metal, etc. 
At E, a round nose chisel used in making oil ways is outlined, while 
a similar tool having a pointed cutting edge and often used for the 
same purpose is shown at F. The centre punch depicted at G, is 
very useful for marking parts either for identification or for drill- 
ing. In addition to the chisels shown, a number of solid punches 
or drifts resembling very much that shown at E, except that the 
point is blunt should be provided to drive out taper pins, bolts, 
rivets, and other fastenings of this nature. These should be pro- 



Fig. 66. — Special Pliers for Use in Bepairing Weed Tire' Chains. 


Tided in the common sizes. A complete set of real value would start| 
at %-inch and increase by increments of 1/32-inch up to ^-inch. 
A simple spring winder is shown at Pig. 55, H, this making it 
possible for the repairman to wind coil springs, either on the lathe 
or in the vise. It will handle a number of different sizes of wire and 
can be set to space the coils as desired. 

Anti-skid chains form an important item in the equipment of 
the car and as they are subject to wear it is desirable ^to replace the 
worn cross chains with new ones from time to time, as some of these 
wear out quicker than others. A special pair of pliers having 
overlapping ends as shown at Fig. 56, is intended to assist in re- 
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.n. 

moving and applying the cross chains. In order to remove the 
chains the hooked link at each end is spread apart by the wedging 
action of the plier jaws which make it possible to relaove the cross 
chains from the side links. When a cross chain is to be applied 
the hooked link is placed near the fulcrum Or hinge pin and the 
hooks may be bent down over the side chain by'compres^ing the plier 
jaws. 

If the automobile repairman was to provide hiiOself with every 





Fig. 67. — At Left, Useful Combination Pliers Having a Series of Intex^ 
changeable Heads; at Bight, Sectional View Outlining Construction 
of Gasoline Blow Torch. 


variety of tool that could be used to advantage, the investment in 
pliers alone would be large. This has resulted in the developitoent 
of an interchangeable tool consisting of one standard pair of 
handles that will take a large variety of pliers, pincers and shears 
in the form of readily detachable heads which will fit the same 
handle. The change is readily made and a number of useful tools 
obtained without requiring a large investment. Samples of some 
of the most popular heads are shown at Fig. 56, below the handle. 
That at A, ivS a leather or paper punch ^d may be obtained alsd 
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for punching metal. B, is a pincer head adapted for heavy work. 
The head at C, is an alligator form which can be adapted to a wide 
range of sizes* At D, a combination plier head is outlined, this 
consisting of flat nose, cutting and gas pipe pliers. At P, is shown a 
pair of tinner’s snip blades to fit the handle. The head L, is used 
for working on Weed tire chains. 

The tool is easily taken apart, the operation consisting of re- 
moving the wing nut C, from the centre bolt, lifting off the top part 
of the handle and then setting any desired head m the recess of 
each handle so the shank of the head is flush with the face of the 
handle. The square shank B, on the bolt is entered into the square 
hole A, in the top handle. After the two parts are together the 
wing nut C, is screwed down as tightly as possible. The bolt 
which holds the handles together, turns in the lower half, but 
cannot fall out. The object of this is to permit the lower half of 
the handle to turn on the bolt because on account of the square 
shank on the bolt and the square hole m tlie upper half of the 
handle, the bolt itself turns with this half, thereby preventing 
any possibility of the wing nut becoming loose in operation. This 
interchangeable tool is supplied in a neat box, hav&^ a place for 
the handle and the various heads supplied wdth i^» 

Mention has been previously made of the 111111*1^ of the gaso- 
line blow torch. A typical torch is shown in section at Fig. 57, B, 
in order that the internal construction may be readily understood. 
It consists of a main container of heavy sheet metal to wdueh an 
air pump is attached at one side to act as a handle. The lower 
portion of this pump communicates wdth the interior of the tank 
by means of a bent pipe which deflects the air to the top of the 
fuel receptacle. The upper portion of the tank is supplied with a 
burner having a pipe leading to the bottom. A filling plug is in- 
serted at the bottom of a conical depression which acts as* a 
funnel W'hen the torch is inverted for filling. The function of the 
air pump is to force air into the tank and displace the liquid fuel, 
forcing it to the burner where it is vaporized. The burner is of 
the Bunsen pattern and gives a blue flame. The intensity of 
the flame is regulated by a needle valve. In order to start the 
torch it is necessary to fill the pilot cup under burner with gaso- 
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line and to ignite same, letting it bum until the torch burner 
body is sufficiently heated to vaporize the liquid fuel. Three 
forms of these blow pipes are shown at Pig. 58. ‘ Tliat at A, has 
a pump set into the tank and a more powerful burner that will 
give a very hot flame for brazing. The torch at B, has a flat fuel 
tank instead of the usual cylindrical form and has the filler opening 
at the top instead of at the bottom. The flat torch is eaiaiei- to carry 
than the round ones because it occupies less space. A very small 



Fig. 68. — Practical Gasoline Blow Torches for Automobile Repair Work. 


torch which needs no air pressure is shown at C. Sufficient heat 
to vaporize the fuel and to start the torch may be obtained by 
holding a match at the curved portion of the burner. This form 
does not produce the intense heat that the torches having internal 
air pressure do, but tlie flame is of sufficient intensity to heat a 
soldering iron, or perform any of the work incidental to soldering. 

Drilling Machines. — Drilling machines may be of two kinds, 
hand or power operated. For drilling small holes in metal it is 
necessary to run the drill fast, therefore the drill chuck is usually 
driven by gearing in order to produce high drill speed without 
tur^iig the handle too fast, A small hand drill is shown at Pig. 
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59, A. As will be observed, the chuck spindle is driven by a small 
bevel pinion, which in turn, is operated by a large bevel gear turned 
by a crank. The gear ratio is such that one turn of the handle 
will turn the chuck five or six revolutions. A drill of this design 
is not suited for drills any larger than one-quarter inch. For use 
with drills ranging from one-eighth to three-eighths, or even half- 



Fig. 59. — ^Fonns of Hand Operated Drilling Machines. 
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inch the hand drill presses shown at C and T) are used. The^ have 
a pad at the upper end by which pressure may bo exerted with the , 
chest in order to feed the drill into the work,^and for this reason 
they are termed breast drills/’ The form at 0 , has compound 
gearing, the drill chuck being driven by the^usual form of bevel 
pinion in mesh with a larger bevel gear at one end of a countershaft. 
A small helical spur pinion at the other end ox this Countershaft 
receives its motion from a larger gear turned 1^ t!^e hand crank. 
This arrangement of gearing permits of high spindle speed with- 
out the use of large gears, as would be necessary if but two were 
used. The form at D, gives two speeds, one for use with small 
drills is obtained by engaging the lower bevel pinion with the 
chuck spindle and driving it by the large ring gear. The slow speed 
is obtained by shifting the clutch so that the top bevel pinion drives 
the drill chuck. As this meshes with a gear but slightly larger in 
diameter, a slow sp(^ed of t])e drill cliiiek is possible. Breast drills 
are provided with a handle screwed into the side of the frame, 
these are used to steady the drill press. For drilling extremely 
large holes which are beyond the capacity of the usual form of drill 
press the ratchet form shown at B, may be used or the bit brace 
outlined at E. The drills used with either of these have square 
shanks, whereas those used in the drill presses have round 
shanks. The bit brace is also used widely in wood work and the 
form shown is provided with a ratchet by which the bit chuck may 
be turned through only a portion of a revolution in either direction 
if desired. 

One of the most difficult things to do in connection with in- 
stalling accessories such as tire irons, license hangers, special 
lamp brackets, trunk racks, etc., is drilling holes in the pressed 
steel frame of the chassis, as the special alloy steel used for this 
purpose at the present time requires considerable exertion if one 
attempts to bore the hole with an ordinary breast drill. Electrically 
operated drills have a great advantage when used in making small 
holes but when they have sufficient capacity to take drills over l/o- 
inch in diameter they are bulky to handle. These are of obvious 
utility when electrical current is available, but all shops are not 
so provided and many workmen do not like to use them because 




"of danger of shocks through short circuiting, or the liability of 
getting out of order, or of injuring the operator, should the drill 
point catch and the drill body be knocked out of the workman’s 
hand. A handy tool that has many applications is shown at Fig. 
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60, A. This is mounted on a clamp bracket, has a screw feed, can 
drill holes at any angle and offers a wide range of adjustment 
in all directions. These are made in three sizeg^ one taking any 
drill up to 54'inch, a medium size that can be used up to 1 inch in 
diameter and a larger model that will bore Mo^es as large as 
inches in diameter. The medium size tool will be found sufficiently 
large to answer the requirements of any repair shop. The chucks 
provided will take either square shank or standard taper shank 
drills. It will be evident that this fitting can be easily clamped to 
any part of the frame and that large holes may bt drilled with ease 
on account of the leverage provided. A somewhat similar fixture 
IS shown at Fig. 60, B, this being in use with the ratchet drill 
shown at Fig 59, D. The fixture, which is known as the ‘‘old 
man’' in repair shop parlance consists of a vertical post attached 
to a slotted base that can be clamped in any desired position by 
bolts or straps. The ratchet drill has a hand-operated screw feed 
and the arm against which the pressure of the drill is exerted may 
be raised, lowered or swung around to any desired position. A 
fitting of this nature may be used in connection wath a wide variety 
of ratchet heads. The advantage of the ratchet arrangement is that 
it permits one to drill holes in places where it would not be possible 
to turn a hand drill as the le^er can be oscillated through a small 
arc of a circle instead of a complete revolution. The special form 
of drill press shown at Fig. 60, C, can be changed over by a 
single trip from a drilling machine that will give a continual rotary 
motion to the chucks to a form that wall give only an oscil- 
lating motion which is desirable in valve grinding. Another form 
of electrically operated sensitive drill press for the repairshop 
work-bench is shown at Fig 60, D. This differs in construction 
from that previously described in Chapter 1, only in the method 
of drive which is by belt instead of friction discs. 

Minor drilling operations with an ordinary hand drill are some- 
times made difficult by the inability of the operator to hold the 
drill perfectly straight. The usual custom is to allow the head 
of the drilling tool to rest against the chest so that one hand may 
be used to get the brace straight and the other to turn the handle. 
This method requires much exertion, especially wdien a fixed piece 
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of metal is to be drilled and there is always a possibility of the 
bole being too large or drills breaking, due to swaying of the drill 
press, A very simple piece of apparatus described by Motor Age 
is shown at Fig. 61. This easily made jig enables the operator 
to keep the drill perfectly straight because one hand can be used 
to steady the drill. The jig is made of wood and of any con- 
venient size to accommodate the particular drill press used. It 



Fig. 61. — ^How to Use Hand DriUs in Simple Homemade DriU Press. 


consists of a block of wood forming a base with tvo uprights 
rigidly fastened to it by sereins or bolts. These are drilled at their 
upper ends to take a piece of three-eighths inch steel rod which 
forms the fulcrum for the feed lever which is held under the 
aym, as the illustration clearly shows. } A hole is drilled in the 
arm lever to take the head of the drill trace, as the detail shows, 
or if a breast drill is used instead of the hand drill, two pieces 
may be attached to keep the breast Mtill pad from turning, one 
at each side of that member. A drill press of this nature can be 
easily made from the odds and ends found iu any repair sliop and 
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is especially recommended to the motorist who lik^ lo make bis 
own mechanical repairs. The work to be operated qn can be held 
in place by driving nails at the side or a simple yise to clamp thd 
work may be readily extemporized. " 

Drills, Readers, Taps and Dies. — In addition to the larger ma- 
chine tools and the simple hand tools previously described, an essen- 



Fig. 62. — Forms of PriUs Used in Hand and Power Drdling Machines. 


tial item of equipment of any automobile repair shop, even in 
cases where the ordinary machine tools are not provided, is a c<Al- 
plete outfit of drills, reamers, and threading tools. Drills are 
of two general classes, the flat and the twist drills. The flat 
drill has an angle between cutting edges of about 110 degrees and 
is usually made from special steel commercially known as drill rod. 
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^ A flat drill cannot be fed into the work very fast because it re- 
moves metal by a scraping, rather than a cutting process. T|ie 
twist drill in its simplest form is cylindrical throughout the en- 
tire length and has spiral flutes which are ground off at the end 
to fory the cutting lip and which also serve to carry the metal 
chips out of the holes. The simplest form of twist drill used 
is shown at Fig. 62, C, and is known as a ‘‘chuck'' drill because 
it must be placed in a suitable chuck to turn it. A twist drill 




removes metal by cutting and it is not necessary to use a heavy 
feed as the drill will tend to fc^ed itself into the Avork. 

Larger drills than usually made with a tapered 

shank as shown at Fig. 62, B. At the end of the taper a tongue is 
formed which engages with a suitable opening in the collet, as tlu^ 
piece used to support the drill is called. The object of this tongue 
is to relieve the tapered portion of the drill from the stress of 
driving by frictional contact alone, as this would not turn the drill 
positively and the resulting slippage would wear the socket, this 
depreciation changing the taper and making it unfit for other 
drills. The tongue is usually proportioned so it is ade(iuate 
to drive the drill under any condition. A small keyway is pro- 
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Tided in the collet into which a tapering key of flat stock may be 
driven against the end of the tongue to drive the dril from the 
spindle. A standard taper for drill shanks generally accep^d by 
ihe machine trade is known as the Morse and is a taper of five- 
eighths of an inch to the foot. The Brown and riharp form tapers 
six-tenths of an inch to the foot. Care must be taken, therefore, 
when purchasing drills and collets, to su^e that me tapers 

coincide, as no attempt should be made to lun a Morse taper in a 
Brown and Sliarp collet, or vice versa. 

Sometimes cylindrical drills have straight flutes, as outlined 
at Fig. 62, A. Such drills are used with soft metals and are of 
value when the drill is to pass entirely thro ugh the work. The 
trouble with a drill with spiral flutes is that it will tend to draw" 
itself through as the cutting lips break through. This catching 
of the drill may break it or move the work from its position. 
With a straight flute drill the cutting action is practically the 
same as wdth the flat drill shown at Pig. 62, E and F, 

If a drill is employed in boring holes through close-grained, 
tough metals, as wTought or malleable iron and steel, the opera- 
tion will be facilitated by lubricating the drill with plenty of lard 
oil or a solution of soda and w^ater. Either of these materials will 
effectually remove the heat caused by the friction of the metal 
removed against the lips of the drill, and the danger of heating 
the drill to a temperature that wull soften it by drawing the 
temper is minimized. In drilling large or deep holes it is good 
practice to apjily the lubricating medium directly at the drill 
point. Special drills of tlie form shown at Fig. 62, D, having a 
spiral oil tube running in a suitably formed channel, provides 
communication between the point of the drill and a suitable re- 
ceiving hole on a drilled shank. The oil is supjilied by a pump 
and its pressure not only promotes positive circulation and re- 
moval of lieat, but also assists in keeping the bole free of chips. 
In drilling steel or wrouglit iron, lard oil applied to the point of 
the drill wilb facilitate the drilling, but this material should never 
be used wuth either brass or east iron. Tables wdll be found in 
the last chapter giving drill speeds and feeds and other data 
relative to tlie use of this tool. 
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^ The sizes to be provided depend ujJbn the nature of the work 
pnd the amount of money that can be invested in drills. It is 
common practice to provide a set of drills, such as shown at Pig. 63, 
which are carried in a suitable metal stand, these being known as 
number drills on account of conforming to the wire gauge stand- 
ards. Number drills do not usually run higher than inch in 
diameter. Beyond this point drills are usually sold by the diameter. 
A set of chuck drills ranging from to inch, advancing by 
^^2 inch, and a set of Morse taper shank drills ranging from Y to 
1% inches, by increments of inch, will be all that is needed for 
the most pretentious repair shop, as it is cheaper to bore holes 
larger than 1% inches with a boring tool than it is to carry a num- 
ber of large drills in stock that would be used very seldom, perhaps 
not enough to justify their cost. 

In grinding drills, care must be taken to have the lips of the 
same length, so that they will form the same angle with the axis. 
If one lip is longer than the other, as shown in the flat drill at 
Pig. 62, E, the hole will be larger than the drill size, and all the 
work of cutting will come upon the longest lip. The drill ends 
should be symmetrical, as shown at Fig. 62, P. 

It is considered very difficult to drill a hole to an exact diam- 
eter, but for most work a variation of a few thousandths of au^inch 
is of no great moment. Where accuracy is necessary, hole^must 
be reamed out to the required size. In reaming, a hole is drilled 
about %2 inch smaller than is required, and is enlarged with a cut- 
ting tool known as the reamer. Reamers are usually of tlie fluted 
form shown at Pig. 64, A. Tools of this nature are not designed 
to remove considerable amounts of metal, but are intended to 
augment the diameter of the drill hole by only a small fraction 
of an inch. Reamers are tapered slightly at the point in order 
that they will enter the hole easily, but the greater portion of 
the fluted part is straight, all cutting edges being parallel. Hand 
reamers are made in either the straight or taper forms, that at A, 
Fig. 64, being straight, while B has tapering flutes. They are 
intended to be turned by a wrench similar to that employed in 
turning a tap, as shown at Pig. 66, C. The reamer shown at 
Pig. 64, C, is a hand reamer of the taj)er form widely used by 



Fig. 64. — Illustrating Standard Forms of Hand and MacMne Beamers. 


One of these is shown at Pig. 64, E, and as the cutting surfaces 
become reduced in diameter it is possible to replace the worn blades 
with others of proper size. Expanding reamers are of the form 
shown at Fig. 64, P. These have a bolt passing through that fits 
into a tapering hole in the interior of the split reamer portion of 
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Fig. 66. — Tools for Thread Catting. 


tendency toward chattering with a consequent production of a 
rough surface. There are several methods of preventing this cliat- 
tering, one being to separate the cutting edges by irregular spaces, 
while the most common method, and that to be preferred on ma- 
chine reamers, is to use spiral flutes, as shown at Fig. 64, D. 
Special taper reamers are made to conform to the various taper 
pin sizes which are widely used in holding parts together in an 
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automobile. A taper of intended for holes 

where a pm, once driven ]n, is to remain in place. Whem it is 
desired that the pm be driven out, the taper is made su^er, 
generally ^ inch per foot, which is the standa,rd taper us<^ on 
taper pins. 

Wlien threads are to be cut in a small hole, it will be. apparent 
that it will be difficult to perform this operation economically on 
a lathe, therefore when internal threading is called for, a simple 
device known as a ^Hap” is used.* There are many styles of taps,, 
all conforming to different standards. Some are for metric or 
foreign threads, some conform to the American standards, while 
others are used for pipe and tubing. Hand taps are the form most 
used in repair shops, these being outlim d at Fig. 65, A and B. 
Th^y are usually sold in sets of three, known respectively as taper, 
plug, and bottoming. The taper tap is the one first put into the 
hole, and is tlien followed by the plug tap which cuts the threads 
deei>er. If it is imperative that the thread should be full size 
clear to the bottom of the hole, the third tap of the set, which is 
straight-sided, is used. It would be difficult to start a bottoming 
tap into a hole because it would be larger in diameter at its point 
tlian the hasfe. The taper tap, as showm at A, Fig. 65, has a 
})ortion of th^ cutting lands ground aw’ay at the point in order 
tliat it wall enter the liole. The manipulation of a tap is not hard, 
as it does not need to be forced into the work, as the thread will 
draw it into the hole as the tap is turned. The tapering of a 
tap is done so that no one thread is called upon to remove all of 
tlie metal, as for about half w^ay up the length of the tap each 
succeeding thread is cut a little larger by the cutting edge until 
the full thread enters the hole. Care must be taken to always 
enter a tap straight in order to have the thread at correct angles 
to the surface. 

In cutting external threads on small rods or on small pieces, 
such as bolts and studs, it is not always economical to do this work 
in the lathe, especially in repair work. Dies are used to cut 
threads on pieces that are to be placed in tapped holes that have 
been threaded by the corresponding size of tap. Dies for small 
wx>rk are often made solid, as shown at Fig, 66, C, but solid dies 
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are usualfy’ limited to sizes below inch. Sometimes the solid die 
is ey?|adrical in shape, with a slot through one side which enables 
one to obtain a slight degree of adjustment by squeezing the slotted 
portion together. Large dies, or the sizes over ^ inch, are usually 



Fig. 66. — Showing Holder Designs for One and Two Piece Thread Cutting 

Diee. 


made in two pieces in order that the halves may be closed up 
or brought nearer together. The advantage of this form of die 
is that either of the two pieces may be easily sharpened, and as 
it may be adjusted very easily the thread ma^ be cut by easy 
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stages. For example, the die may be ad^jiisted to cue laifge, which 
will produce a shallow thread that will act as an accurate ^uide 
when the die is closed up and a deeper thread cut. 

A common form of die holder for an adjustnbie die is shown 
at Pig. b6, A. As will be apparent, it consists of a central body 
portion having guide members to keep the die pieces from falling 
out and levers at each end in order to permit the (Operator to 
exert sufficient force to remove the metal. The n^ethod of ad- 
justing the depth of thread with a clamp screw when a two-jilece 
die is employed is also clearly outlined. The diestOck shown at B 



rig. 67. — Useful 0utfit of Taps and Dies for tlie Automobile Repair Shop. 


is used for the smaller dies of the one-piece pattern, having a slot 
in order that they may be closed up i^lightly by the clamp screw. 
The reverse side of the diestock shown at B is outlined below it, 
and the guide pieces, which may be easily moved in or out, ac- 
cording to the size of the piece to be threaded by means of ec- 
centrically disposed semi-circular slots in tlie adjustment plate, are 
shown. These movable guide members have small pins let into 
their surface which engage the slots, and they may be moved in 
or out, as desired, according to the position of the adjusting plate. 
The use of the guide pieces makes for accurate positioning or cep* 
tering of the rod to be threaded. Dies are usually sold in sets, 
and are commonly furnished as a portion of a complete outfit 
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such as outlined at Fig. 67. That shown has two sizes of die- 
stock, a tap wrench, eight assorted dies, eight assorted taps, and a 
small screw driver for adjusting the die. An automobile repair 
shop should be provided with three different sets of taps and dies, 
as three different standards for the bolts and nuts are used in 
fastening automobile components. These are the American, metric 
(used on foreign cars), and the S. A. E. standard threads. A set 
of pipe dies and taps will also be found useful. 



Fig. 68. — Common Forms of Inside and Outside Calipers. 


Measuring Tools. — The tool outfit of the machinist or the me- 
chanic who aspires to do machine Work must include a number 
of measuring tools which are not needed by the floor man or 
one who merely assembles and takes apart the finished pieces. 
The machinist who must convert raw material into finished prod- 
ucts requires a number of measuring tools, some of which are 
used for taking only approximate measurements, such as calipers 
' and scales, while others are intended to take very accurate meas- 
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urements, such as the Vernier and the micrometer. A number of 
common forms of calipers are shown at Fig*. 68. 'thesfc are l^nown 
as inside or outside calipers, depending upon the measurements 
they are intended to take. That at A is an inside caliper, consisting 
of two legs, A and D, and a gauging piece, B, wMch can be locked 



Fig. 69. — View Showing Utility of Combination Inside and Outside 
Friction Joint Calipers. 


to leg, A, or released from that member by the screw, C, The 
object of this construction is to permit of measurements being taken 
at the bottom of a two diameter hole, where the point to be 
measured is of larger diameter than the portion of the hole through 
which the calipers entered. It will be apparent that the legS 
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D must be brought close together to pass through the 
lifer holes. This may be done without losing the setting, as the 
gufiSe bar B will remain in one position as determined by the 
size of the hole to be measured, while the leg A may be swung 
in to clear the obstruction as the calipers are lifted out. When 
it is desired to ascertain the measurements the leg A is pushed 
back into place into the slotted portion of the guide B, and locked 
by the clamp screw C. A tool of this form is known as an in- 
ternal transfer caliper. 

The form of caliper shown at B is an outside caliper. Those at 
C and D are special forms for inside and outside work, the former 
being used, if desired, as a divider, while the latter may be em- 
ployed for measuring the walls of tubing. The cali])ers at E are 
simple forms, having a friction joint to distinguish them from 
the spring calipers shown at B, C and D. In order to permit of 
ready adjustment of a spring caliper, a split nut as shown at G 
is sometimes used. A solid nut caliper can only be adjusted 
screwing the nut in or out on the screw, which may be a tediotls 
process if the caliper is to be set from one extreme to the other 
several times in succession. With a slip nut as shown at G it is 
possible to slip it from one end of the thread to the^ther.Tffjithout 
turning it, and of locking it in place at any desired point^by Simply 
allowing the caliper leg to come in contact with it. The method of 
adjusting a spring caliper is shown at Fig.' 68, H. The caliper 
shown at Fig. 69, A, is known as a ‘‘hermaphrodite,'' and is so 
called because it can be used for measuring both diameters of 
pieces or bores of holes. It is provided with a removable and 
adjustable point, two being provided with each device. One of 
these is curved, the other is straight. The point is firmly held 
in position by a knurled nut and washer and draw bolt, and is 
given additional support by the loop at the end of the caliper 
leg. The auxiliary caliper point furnished with these, tools makes 
it possible to convert the tools readily into an inside caliper. 
Two uses of this tool are shown at Fig. 69, B and C. These are 
self-explanatory. 

An important tool that should be included in the equipment 
of every shop where machine tools are used is shown at Fig. 70, A. 




Fig. 70. — Illustrating Typical Surface Gauge and Methods of Using. 
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This is used in connection with the surface plate or the bed of 
a drill press or planer, and will serve many purposes. The tool 
shown is provided with three spindles ranging from nine to eigh- 
teen inches in length, and the construction admits of swinging the 
standard three-quarters of the distance around the base. The ad- 
justing mechanism is so arranged that it can be set at any desired 
The clamping devices are rigid and firm and are not 
susceptible to slipping. The application at B shows the use in 
laying out lines on the boss of a casting where the scriber point 
can be placed directly over the boss. The application at C shows 
the method of making these lines where the scriber point support 
must be offset and placed at some distance from the boss to be 
marked. At D the surface gauge is showm used in connection 
with a scale in order to make measurements and secure the align- 
ment of an angular I section casting. At E the method of scrib- 
ing a line around a piece of barstoek or tube is showm. The re- 
maining illustrations show^ the uses of the surface gauge in laying 
out w^ork of various kinds. ]\Iany other combinations are possible 
besides those shown, as a tool of this nature can be used as a bench 
gauge, scribing block or depth gauge. 

Among the most common of the machinist’s tools are ‘those 
used for linear measurements. The usual forms are in 

group, Fig. 71. The most common tool, w’hich is wndeJ^pmowm, 
is the carpenter’s folding two-foot rule or the yardsticlC While 
these are very convenient for taking measurements wliere great 
accuracy is not required, the machinist must work^mucli more ac- 
curately than the carpenter, and the standard steel scale which is 
shown at Fig. 71, D, is a popular tool for the machinist. The 
steel scale is in reality a graduated straight edge and forms an 
important part of various measuring tools, ^ Wiese are made of 
high grade steel and vary from 1 to 48 inched' in length. They 
are carefully hardened in order to preserve the graduations, and 
all surfaces and edges are accurately ground to insure absolute 
parallelism. The graduations on the high grade scales are pro- 
duced with a special device known as||a dividing engine, but on 
cheaper scales, etching suffices to provide a fairly accurate grad- 
uation. The steel scales may be very thin and flexible, or may 
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Fig, 71. — Measuring Appliances for the Machinist and Floor Man. 
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be about an eighth of an inch thick on the twelve-inch size, which 
is that commonly used with combination squares, protractors and 
other tools of that nature. The repairman ^s scale should be grad- 
uated both with the English system, in which the inches are 
divided into eighths, sixteenths, thirty -secondths and sixty-fourths, 
and also in the metric system, divided into millimeters and .centi- 
meters, Some machinists use scales graduated in tentlis, twentieths, 
fiftieths and hundredths. This is not as good a system of gradua- 
tion as the more conventional one first described. 

Some steel scales are provided with a slot or groove cut the 
entire length on one side and about the center of the scales. This 
permits the attachment of various fittings such as the protractor 
head, which enables the machinist to measure angles, sliown at 
Fig. 70, B, or in addition the heads convert the scale into a square 
or a tool permitting the accurate bisecting of pieces of circular 
section. Two scales are sometimes joined together to form a right 
angle, such as shown at Fig 70, C. This is known as a square and 
is very valuable in ascertaining the truth of vertical pieces tUfet 
are supposed to form a right angle wuth a base piece. The Ver-» 
nier is a device for reading finer divisions on a s<j!iilc thati those 
into wdiich the scale is divided. Sixty-fourths of an itoli ar(^ about 
the finest division that can be read accurately with the naked e^e. 
When fine work is necessary a Vernier i$ etnployed. Tins consists 
essentially of two rules so graduated that the true scale has each 
inch divided into ten equal parts, the upper or Vernier portion 
has ten divisions occupying the same space as nine of tlie divisions 
of the true scale. It is evident, therefore, that one of the di- 
visions of the Vernier is equal to nine-tenths of one of those on 
the true scale. If the Vernier scale is moved to the right so that 
the graduations marked shall coincide, it will have moved 

one-tenth of a division on the scale or one-hundredth of an inch. 
When the graduations numbered 5 coincide the Vernier will have 
moved five-hundredths of an inch; when the lines marked 0 and 
10 coincide, the Vernier will have moved nlue-liundredths of an 
inch, and when 10 on the Vernier comes opjiosite 10 on the scales, 
the upper rule will have moved ten-hundredths of an inch, or the 
whole of one division on the scale. By this means the scale, 
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though it may be graduated ouly to tenths of an inch, may be 
accurately set at points with positions expressed in hundredths of 
an inch. Whep graduated to read in thousandths, true scale 
is divided into fifty parts and the Vernier into twenty parts. Each 
division of the Vernier is therefore equal to nineteendwentieths 
of one of the true scale. If the Vernier be moved so the lines of 
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the first division coincide, it will have moved one-twentieth of one- 
fiftieth, or .001 inch. The Vernier principle can be readily grasped 
by studying the section of the Vernier scale and true scale shown 
at Fig, 73, A. 

The caliper scale which is shown at Pig. 71, A, permits of 
taking the over-all dimension of any parts that will go between 
the jaws. This scale can be adjusted very accurately by means 
of fine thread screw attached to movable jaw and the divisions 
may be divided by eye into two parts if one sixty-fourth is the 
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smallest of the divisions. A line is indicated on tlie movable jaw 
and coincides with the graduations on the scale. As will be appar- 
ent, if the line does not coincide exactly with one of the gradu- 
ations it will be at some point between the lines and the true 
measurement may be approximated without trouble. 

A group of various other measuring tools of value to the 
machinist is shown at Fig. 72. The small scale at A is termed 
k ‘^Center gauge/’ because it can be used to test the truth of 
the taper of either a male or female lathe center. TJie two smaller 



rig. 73. — At Left, Special Torm of Vernier Caliper for Measuring Gear 
Teeth; at Bight, Micrometer for Accurate Internal Measurements. 


nicks or v’s indicate the shape of a standard thread, and may be 
used as a guide for grinding the point of a thread-cutting tool. 
The cross level which is shown at B is of marked utility in erecting, 
as it will indicate absolutely if the piec0 it is used to test is level. 
It will indicate if the piece is level ilong its width as well as 
its length. 

A very simple attachment for use^with a scale that enables the 
machinist to scribe lines along the lehgth of a cylindrical piece is 
shown at Pig. 72, C. These are merely small wedge-shaped clamps 
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having an angular face to rest upon the i)ars. The thread pitch 
gauge which is shown at Fig. 72, D, is an excellent^ pocket tool 
for the garage mechanic, as it is often nece8$arj to determine 
without loss of time the pitch of the thread on a bolt or in a nut. 
This consists of a number of leaves having serrations on one edge 
corresponding to the standard thread it is to be used in measuring. 
The tool shown gives all pitches up to 48 threads per inch. The 
leaves may be folded in out of the way when not in use, and 
their shape admits of their being used in any position without 
the remainder of tlie set interfering with the one in use. The 
fine pitch gauges have slim, tapering leaves of the correct shape 
to be used in finding the pitch of small nuts. As the tool is 
round when the leaves are folded back out of the way, it is an 
excellent pocket tool, as there are no sharp corners to wear out 
the pocket. Practical application of a Vernier having measuring 
heads of special form for measuring gear teeth is shown at Fig. 
73, A. As the action of this tool has been previously explained, 
it will not be necessary to describe it further. 

Where great accuracy is necessary in taking measurements the 
micrometer caliper, vhich in the simple form wull measure easily 
.001 inch (one-thousandth part of an inch) and wdien fitted with 
a Vernier that will measure .0001 inch (one ten-thousandth part 
of an inch), is used. The micrometer may be of the caliper form 
for measuring outside diameters or it may be of the form showui 
at Fig. 73, B, for measuring internal diameters. The operation 
of both forms is identical except that the internal micrometer is 
placed inside of the bore to be measured while the external form 
is used just the same as a caliper. The form outlined will meas- 
ure from one and one-half to six and a half inches as extension 
points are provided to increase the range of the instrument. The 
screw has a movement of one-half inch and a hardened anvil is 
placed in the end of the thimble in order to prevent undue wear 
at that point. The extension points or rods are accurately made 
in standard lengths and are screwed into the body of the instru- 
ment instead of being pushed in, this insuring firmness and ac- 
curacy. Two forms of micrometers for external measurements are 
shown at Fig. 74. The top one is graduated to read in thousandths 
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Fig. 74. — Standard Forms of Micrometer Caliper for External Measure- 
ments. 


of an inch, while the lower one is graduated to indicate hundredths 
of a millimeter. The mechanical principle involved in the con- 
struction of a micrometer is that of a screw free to move in # 
fixed nut. An opening to receive the w^ork to be measured is 
provided by the backward movement of the thimble wliich turns 
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the screw and the size of the opening is iudieated by the gradu- 
ations on the barrel. 

The article to be measured is placed between the anvil atid 
spindle, the frame being held stationary while the thimble is 
revolved by the thumb and finger. The pitdh of the screw thread^ 
on the concealed part of the spindle is 40 to an inch. One com- 
plete revolution of the spindle, therefore, inov^s it longitudinally 
one-fortieth, or twenty-five thousandths of ah inch. As will be 
evident from the development of the scale oil the barrel of the 
inch micrometer, the sleeve is marked with forty lines to the 
inch, each of these lines indicating twenty-five thousandths. The 
thimble has a beveled edge which is graduated into twenty-five 
parts. When the instrument is closed the graduation on the bev- 
eled edge of the thimble marked 0 should correspond to the 0 
line on the barrel. If the micrometer is rotated one full turn 
the opening between the spindle and anvil will be .025 inch. If 
the thimble is turned only one graduation, or one twenty-fifth of a 
revolution, the opening betw’een the spindle and anvil wull be 
Increased only b^ ,001 inch (one-thousandth of an inch). 

‘ As of the dimensions of the automobile parts, especially 

of thos^rf foreign manufacture or such parts as ball and roller 
bearings^'^^ based on the metric system, the automobile repairman 
should 4>c^^ss both inch and metric micrometers in order to avoid 
continual reference to a table of metric equivalents. With a 
metric micrometer there are fifty graduations on the barrel, these 
representing .01 of a millimeter or approximately .0004 inch. 
One full turn of the barrel means an increase of half millimeter, 
or .50 mm. (fifty one-hundredths). As it takes tw^o turns to aug- 
ment the space between tlie anvil and the stem by increments of 
one millimeter, it will be evident that it w^ould not be difficult 
to divide the spaces on the metric micrometer thimble in halves by 
the eye, and thus the average w'orkman can measure to .0002 inch 
plus or minus without difficulty. As set in the illustration, the 
metric micrometers show a space of 13.5 mm., or about one milli- 
meter more than half an inch. The inch micrometer shown is 
set to five-tenths or five hundred one-thousandths or one-half inch, 
A little study of the foregoing matter will make it easy to under- 



nil# Automobile Repealing Made Easy 

""sCand the action of either the inch or metric micrometer. A table 
of metric equivalents will be found in the back of the book to 
enable the workman to change inches to millimeters, and vice versa, 
without any^ trouble. 

Both of the micrometers shown have a small knurled knob at 
'^the end of the barrel. This controls the ratchet stop, which is a 
device that permits a ratchet to slip by a pawl ’v^hen more than 
a certain amount of pressure is applied, thereby preventing the 
measuring spindle from turning further and perhaps springing 
the instrument. A simple rule that can be easily memorized for 
reading the inch micrometer is to multiply the number of vertical 
divisions on the sleeve by 25 and add to that the number of di- 
visions on the bevel of the thimble reading from the zero to the 
line which coincides with the horizontal line on tlie sleeve. For 
example: if there are ten divisions visible on the sleeve, multiply 
this number by 25, then add the number of divisions sliown on 
the bevel of the thimble, which is 10. The micrometer is there- 
fore opened 10x25 equals 250 plus 10 equals 260 tliousandths. 

Micrometers are made in many sizes, raijging from those hav- 
ing a maximum opening of one inch to special large forurs that 
will measure forty or more inches. "While it is not to b^. fexpected 
that the repairman will have use for the big sizes, if a caliper 
having a maximum opening of six inches is provided with a num- 
ber of extension rods enabling one to measure smaller objects, prac- 
tically all of the measuring needed in repairing automobile parts 
can be made accurately. Two or three smaller micrometers having 
a maximum range of two or three inches will also be found 
valuable, as most of the measurements will be made with these 
tools w^hich wull be much easier to handle than the larger sizes. 

Lathe Accessories and Lathe Tools. — Mention has been pre- 
viously made of the marked utility of the lathe and its many 
advantages which make it an indispensable article of repair shop 
equipment. When one purchases a lathe there are a number of 
accessories that are usually furnished with that tool without extra 
cost. These include a large face plate, having a capacity equal 
to the full swing of the lathe, a steady rest and a follow rest. A 
number of the most important lathe accessories are shown in illus- 



151 



Tig, 75. — Special Fittings for Us© with Lathe. 
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trati&s Figs. 75 and 76. The stead^^ rest shown at Pig. 75, A, 
is used when a long shaft is being turned that cannot be supported 
by the tail stock center. This consists of a frame hinged at D, 
having three movable jaws, B, B, B. These jaws may be regulated 
by suitable screws £^[ can be held firmly in place by setting 
down the clamping when they have been adjusted to form a 
suitablj^^aring for piece to be turned. The usual construc- 
tion o ftip 5ice plate is Shown at B. This can be made into a chuck 
by atflUpIng face plate jaws such as are shown at Fig. 76, P. 
The fap plate is provided with four T-slots to permit the easy 
insertion of clamping bolts, and also has numerous slots through 
the face to permit of bolting on angle plates or other fixtures to 
hold the work. A four- jaw chuck is shown at Fig. 75, C. This 
consists of a body fastened to a special face plate in a manner 
that insures concentricity with the spindle. Chucks uSjpr> be of 
two types, universal chucks are those in which the four jaws may 
be controlled by any one of the screw heads while an independent 
chuck is a form having each jaw controlled by its individual 
screw independently of the other. Sometimes a chuck may be 
a combination type, and the work-holding jaws may be opera^l^f 
universally or independently, as desired. 

Mandrels or arbors to support work to be turr^t^^'^Miown 
at D and E. That at D is provided with slots take 

pieces of various heights, making it possible to ifll^iie common 
arbor as a basis for supporting work of various diameters by 
musing the proper filling pieces. One of the filling pieces is shown 
at B 1, while the piece employed to hold the filling pieces in 
position in the mandrel slots is shown at B 2. The mandrel at E 
is an expanding form, in which a piece may be held tightly by 
moving the expander carrying the piece along the taper of the 
arbor until the piece is firmly held by the enlargement in size 
of the slotted expander sleeve. 

The indicator shown at P, Fig. 75, is intended for centering 
work accurately in a chuck or on a face plate. This consists of 
a bell crank having considerable multiplication of leverage, so that 
a very slight movement short arm will mean about ten 

times as much of the lo^^®rm which serves as an indicator. 
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Pig. 76. — Outlining Construction of Lathe Chucks and Driving Dogs. 


The indicator shown at G is also intended for use in the tool 
post, and is a gauge for indicating the truth of center holes. This 
also is a multiplying lever, fulcrumed in a universal joint, sup- 
ported by a suitable yoke. The sBi^rt arm of the indicator is 
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placed in the cen^r, apd if that runa out of truth it will greatly 
magnify the amount of running out which will be indicated by 
the degree of movement of the indicator point. 

The internal construction of the usual pattern of three-jaw 
universal chuck is clearly outlined at B, C and D, Fig. 76. The 
view at A shows the chuck assembled. That at B shows the bottom 
half, which is attached to the head stock spindle. At C the bevel 
rack that is employed to cause the jaw-regulating screws to move 
in unison is shown. This bevel rack engages the bevel pinion 
shown on the adjusting screws at D. A movement of any one 
of the screws will therefore produce a corresponding and equal 
movement of the other two. At E the internal mechanism of a four- 
jaw chuck is shown. At P, a face plate fitted with chuck jaws is 
depicted. When work is supported on a mandrel it is necessary 
to provide some means of turning it, because the frictional con- 
tact on the live center (that carried by the head stock) is not 
sufficient to turn the arbor against the resistance of the cutting 
tool. Lathe dogs are used to turn the work, tliese licing simple 
clamp members having projecting tails designed to engage one 
of the slots of the face plate. For round work tlie form shown 
at G 1, Fig. 76, is commonly used. The shaft or arbor to be 
driven is placed in the hole A, and firmly secured by tightening 
the clamp screw. For work other than round, the lathe dog shown 
at G 2 is very satisfactory. The lathe dogs at G 3 and 4 are 
special forms that can be used with either round or irregular 
work. The simplest form of arbor and that commonly used is 
shown at Pig. 76, H. This is a piece of steel ground to some 
standard size, but having a slight taper with the ends flattened 
to permit of secure holding by the lathe dog clamp screws. While 
the simple mandrel is a popular form, it has the disadvantage 
that the constant driving on and off of the work will produce de- 
preciation and the mandrel will become reduced in size. Solid 
arbors are usually obtained in sets ground to standard diameters 
varying by thirty-seconds or sixteenths of an inch. It is con- 
ceivable that there would be many pieces to be handled that would 
not fit any standard solid arbor. In order to handle these odd 
size pieces an expanding si|pport, either of the form shown at 
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Fig. 75, E, or 76, I, can be used. A mail^rel of this kind 4s ar- 
ranged so that the pieces designed to grip the work can be forced 
tightly against the piece to be turned by locating ttie expander ' 
farther on the taper, which is greater than that of the solid 
form. 

No lathe is complete without a well-seleetdd outfit of cutting 



tools, which may be obtained in a great variety of forms. One 
of the most popular types for all around work is the “Champion” 
tool holder, which takes various cutting points, which can be read- 
ily changed in the master holder. This is shown at Pig. 77, A, 
with a simple round nose-turning tool in place. As will be ap- 
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parent, the tool whkh'^oes tiie cutting is ground from a piece of 
square tool steel of proper size to fit the square hole in the body 
of the tool holder, which is usually a steel forging. Another form 
of ‘‘Champion'' tool holder used for thread cutting is shown at 
B, Pig, 77. The cutter may be adjusted as it wears or is reduced 
in size by grinding by loosening the clamp screw and raising the 
cutting tool which is provided with a series of ratchet teeth, and 
then once again tightening the clamp screws which brings the 
ratchet teeth on the cutter and on the tool holder into positive 
engagement. The proper angles for a cutting-down tool are shown 
at C, and a side tool at D, The angle on the front edge of the tool 
is known as a clearance angle, while that from the cutting point 
back is known as the rake on a straight cutting-down tool. On 
the side tools there is another angle to be considered, known as 
the top angle. This is clearly indicated. The form of the cutting 
point used depends largely upon the characteristics of the material 
to be cut. The first consideration relates to the softness of the 
material, the other to structure, whether it is crystalline like cast 
iron or fibrous like wrought iron. The clearance is added to the 
tool to prevent it from rubbing on the work, while the degree of 
rake determines the cutting ability or sharpness of the cutting edge, 
and gives freedom for the chip to leave the w^ork. A lathe tool 
should always be set so the cutting edge will be very nearly at a 
point that would correspond to a horizontal line drawn through 
tlie center of the work. If a tool is set too low, it will tend to dig 
into the work and force it from the centers, whereas if it is set too 
high, the angle of clearance will be reduced and the work will 
rub against the bottom of the tool. Many machinists favor setting 
the cutting edge just a little above the center or at a point cor- 
responding to about five degrees above the horizontal line drawn 
through the axis. 

A complete set of cutting tools for use with the Champion tool 
liolder, shown at Fig. 77, A, is clearly outlined at Pig. 77, E. 
The tools are made of various grades of tool steel, which is a high 
carbon alloy capable of being, hardened by raising its temperature 
to about 1500 degrees Pahr. and then quenching in water, oil or 
brine, according to the degree of hardness desired. Various alloy 



Lathe Toofcf 157 

steels containing tungsten, molybdenum, aiid other sub- 

stances are also obtainable, these possessing J^^able qualities such . 
as ability to keep their edge at greater heat than tool steel of the 
straight high carbon form, or of having greater resistance for 
cutting tough metals such as the chrome-nickd or chrome-vana- 
dium steels so widely used in automobile construction. 

The Armstrong tool .holders are made in a variety of patterns, 



the most common of which are shown at Pig. 78. As each is 
named in the illustration, further description is unnecessary. The 
general construction is the same for all tools, the main portion 
or body being a steel forging not subject to deterioration, while 
the cutting point or tool is readily removable for grinding or 
replacing. Wliile the tool holder has many advantages, it is 
often necessary to make special lathe tools such as when turning 
filets, boring and other operations where the conventional form^ 
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of tool holder coute «iot be used to advantage. Before the advent 
of the tool holder, lathe took were forged of tool steel by the 
blacksmith according to the individual preferences of the ma- 
chinist having the work done. While the forged took are entirely 
satisfactory, it is not practical to use special cutting steel on ac- 



Tig, 79. — Set of Ordinary Hand Forged Cutting Tools for Use in Lathes. 


count of the great cost of this material. As practically the only 
point where tlie high grade steel is desired is around the cutting 
edge, it will be apparent that it would be very wasteful to use 
that material for the body of the tool, which could be just as well 
made of a cheaper grade of steel. This, of course, is the great 
advantage of the Armstrong tool holder and similar devices. A 
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set of hand-forged tools ordinarily used in lathe work are , shown 
at Pig. 79. That at 2 is a right-hand side tool, that 1 is a left-^ 
hand side tool. The others in order are as follows : 3, right-hand 
bent; 4, diamond point; 5, right-hand diamond point; 6, round 
nose ; 7, finishing tool for cast iron ; 8, cutting oT tool ; 9, threading 
tool; 10, roughing tool; 11, tool for boring; 12, fine threading tool; 
13, right-hand bent threading tool; 14, inside thieading tool. 

The lathe may be fitted with various attachments that will 
permit it to take the place of practically any other machine tool. 
Some of these have been previously illustrated. Many of the 
surfaces of automobile parts, especially of bearing points on shafts 
are finislied by grinding and as a regular grinding machine is 
an expensive investment, owing to the fact that there would not 
be enough work to keep it busy , various forms of grinding attach- 
ments that can be placed directly on the lathe have been devised. 
Tliose outlined at Fig. 80, may be used for either external or 
internal grinding. The attachment for external grinding shown 
at B, and C, consists of a simple stand that may be attached to 
the tool post carriage and vhieh supports a wheel carrying arbor 
and driMiig pulley. In order to permit the lathe carriage to be 
moved along tlie lathe bed, the attachments are driven by a long 
driving drum driven from the lathe countershaft and supported 
by an independent cross shaft of its own, above the lathe bed, and a 
little to one side of the lathe centre so the driving belt will not 
interfere with the work, which is usually supported by centers. 
The tool for internal grinding is jiractically the same as that for 
external work except that an extension arm is provided to carry 
the outboard bearings of the wheel spindle. These devices must 
be very rigid as in most internal work wheels of small diameter 
must be used, which, of course, must be turned at high speed 
in order to attain the recommended peripheral velocity of 5,000 to 
6,000 feet per minute. The grinding attachment shown at D, is 
the form that can be used in “boring cylinders and similar work, 
while that at C, would be used for external grinding on shafts 
and pins. 

Miscellaneous Tools and Appliances. — The appliances shown at 
Pig. 81 are useful and should be included in the equipment of all 




Fig. 80.-— Grinding Attachments for Internal or External Work on Lathe. 


shops where labor-saving tools are necessary to profitable conduct of 
business. At A, is depicted a simple machine for straightening 
bent stock, shafting, drills, reamers, drive shafts, axles, spindles, 
arbors, broaches and other similar components. It consists of a 
cast iron frame on which V-blocks slide, the work being sup- 
ported by these, and a large screw by which pressure is exerted 
against the bent part to straighten it. A light steel bar is placed 
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in front of tHe centers for convenience of holding' chaUc or j^ncil 
when testing work that has been straightened; ani4 adjfefafale'^ 
centers are provided to support the shaft at Lhe ends when toting 
for straightness. These are made in various sizes and are very 
useful in reclaiming tools, stock and shafting often thrown in the 
scrap heap and save time and money over the common method of 
hammering, centering work in lathe and testing. A moment's 
work may save a finished spindle or arbor that would be difficult 
to restore by use of hammer and anvil. This differs from the 
form previously described in that it has a substantial cast iron base 
to* support it, also in other minor details. 

The angle-bending tool at B, is a very powerful, but simple ma- 
chine intended to be operated by hand for bending steel and iron 
rods or bars to various angles without heating. The machine shown 
is a combination type, it can be used for light or heavy stpck^ 
and will bend anything from light drill rod to one inch iron bars, 
or flat stock four inches wide by one-half inch thick or its equivaA 
lent. Light stock is bent by swinging the dies with the hand 
lever, heavier material is formed by using the ratchet lever and 
pinion to move the dies. This is devised to be set on the top of a 
strong post, which is set in the center of the floor of the shop so 
tlfkt any length of stock may be bent. Various dies are furnished 
and one can make U-fittings, hooks, screw-eyes and rings as well as 
angle pieces. 

As tlie practise of using the softer alloys for bearings is common, 
a babbitt melter is a useful fixture to install in any repair shop 
doing considerable overhauling work. This consists of a large 
melting pot adapted to set on a bench, having a gas burner under 
it to heat the metal. One pipe is intended for gas, the other for 
an air blast from blow^er or foot bellows. This is a much cleaner 
method of melting bearing metal than the forge fire, the coal used 
often containing such elements as sulphur which may change the 
character of the alloy. It is also more convenient and quic^r. 
A pot used for this purpose is showm at Fig. 81, C. ^ 

The soda kettle shown at D is used for removing grease and 
dirt from small tools, parts of automobiles, and machinery. A 
coil of steam pipe is used to heat the solution in which the articles 
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Hg. 81.— Useful Appliances to be Included in the Repair Shop Equipment. 


are placed. This consists of washing soda and water, and pieces 
inmersed in the solution dry without rusting when taken out. Such 
kettles usually have a capacity of 50 or 60 gallons and are in- 
tended to be placed in any convenient location among the ma- 
chine tools. Others are of such form that they can be placed 
against a wall or in a corner. A removable wire basket or cage 
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for ri^fei^ng ^iws work is provided, and a small perforated bucket 
ot shaker is furnished for washing small piec^ s. This method of 
clewing parts is superior to the common method of using gaso- 
as it reduces the fire risk appreciabl}^ and the soda solution 
grease fully as well as the inflammable hydrocarbon. 

^ if is often possible to extemporize special too^ 3 that will serve 
the purpose quite well by making simple additions to ordinary 
fOdfe.that may have outlived their usefulness anu no longer be 
sAable for the purpose for which they were primarily intended. 

useful attachments that can be easily fltted to the ordinary type 
oi monkey WTencb, when the jaws have become so sprung that 
th^y are no longer suitable for turning nuts, will yiermit these tools 
>to be used on pipe. These are outlined at Fig. 82, A, B, and C. 
That at A, is a simple pipe cutter, comprising a jaw member having 
a recess to receive the jaw of the wrench, this being fltted with 
parallel arms adapted to straddle the wrench shank. A cutting 
iBheel or disc is mounted in a block sliding in and guided by a 
^%i^itable yoke piece. This block and the roll it carries can be moved 
as desired by turning the handle on the feeding screw. Simple 
clamp screws insure that the attachment will be easily and quickly 
attached to the wTench. The pipe is placed between the movable 
jaw of the wrench and roller, and is backed by the shank of the 
wrench, as indicated in the illustration. This device is used in 
the same manner as a pipe cutter, the wrench being revolved 
around the })ipe and the pressure on the cutter block being in- 
creased gradually to cut deeper into the pipe each revolution. ^ 
The device shown at B is an extremely simple member, having 
a series of serrations or teeth to permit it to grip a round surface. 
This is made of hardened steel and has a simple clip member by 
which it may be easily attached to the fixed jaw of the WTendi. 
The U-sliape piece is adapted to closely engage the top and sidfe^ 
of the wrench jaw, the tooth plate is pivoted to the U-member 
in such a way that it wdll lie beneath the face of the fixed wrench 
jaw. A locking member, composed of a pin having a grooved ei^ 
and retention spring, is passed through the U-member to hold the 
attachment in place. Either of the attachments sliowm at A, or B, 
may be fitted to a monkey wrench without impairing its usefulness 
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for the work for which it was primarily intended; as they are 
readily removable. The nlfethod of fixing a wrench so that it 
will serve as a tube or pipe cutter shown at C, means th^t sdme 
machine work is necessary, this consisting merely of boring a 
small hole through each jaw of the wrench. The hardened steel, 
beveled edged discs used in pipe cutters can be purchased for a 



Fig. 82 . — Showing Various Attachments for Use with Standard Tools. 
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small mim from hardware store. The holes bo^ ed through 
the wrench jaws eorrespoud to the size of that in the aisc. A stove 
bolt passed through each disc acts as a bearing and is tightened 
down so the discs fit snugly against the jaws of the wrench, yet 
not tightly enough tx) prevent them from turning. Different sizes 
of pipe may be cut by simply adjusting the jaws as would be neces- 
sary to fit the wrench on various size nuts. 

A soft metal hammer is very useful, but in some ca£.es it may 
be used so seldom that the expense of buying a copper or babbitt 
hammer would not be w'arranted. A simple substitute is shown 
at Fig. 82, D. This is a copper, soft brass or babbitt casting fitted 
to the hammer head by three screws. The pattern for the casting 
can be easily made and can be turned out hollow, no core being 
necessary. If lead or babbitt metal is used, the casting should 
be somewhat heavier than if a stronger material, such as copper 
or brass is employed. 

Some types of w'ork, such as light U-shape brackets and similar 
members are not easily drilled on account of the difficulty in holding 
these on the drill press. At Fig. 82, E, a method of utilizing a 
section of a discarded crankshaft for making a drilling block is 
clearly shown. The cheeks of almost all crankshafts are planed 
smooth and parallel, thus making that portion of the shaft parti- 
cularly suitable for this use. The journals are sawed off close 
to each web and these are filed or milled so that the cheek mil 
rest firm and level on the drill press bed. The block shown may 
be used for drilling all light bent work and the raised portion en- 
ables the bent part of the work to clear during the operation of 
drilling. A block of this nature may be easily clamped onto the 
drill press table by a standard spring clip. ^ 

Modifications of the stethoscope employed by physicians are, 
offered for detecting noisy operation of automobile engines, geai^ 
boxes and other portions of the mechanism. The operation of these 
devices, as is well known, is to localize the noise and thereby ascer- 
tain the part or parts at fault. A very good sonoscope, as these 
instruments are called, that may easily be contrived by the repair- 
man is shown at Fig. 82, F. This is made from an old telephone 
receiver shell, the construction being so clear that further descrip- 
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seems unnecessary. The pieces shown below the receiver 
toe extensions by ^hich the rod transmitting the sound to the 
diaphragm may be lengthened when necessary to reach inaccessible 
parts. 

An adjustable socket wrench that has considerable merit is 
shown at Pig. 83, A. This consists of a main handle T, made of 
square section stock with a cross bar welded to the top by which 
it may be turned, a piece of spring steel bent as sliovn and a clip 
of rectangular form riveted to the lower end of the wrench handle. 
Owing to the tapering sides, as the handle is drawn up the jaws 
are permitted to open and the space betw^een them increases, adapt- 
ing the tool for a larger nut than wdien the handle w^as i)ush(^d way 
down and the jaw^s brought closer together. 

Gaskets and washers of various material, sucli as rubber, asbestos 
or felt are widely used in automobile construction. These are 
hard to cut by the ordinary method of using scissors or a knife. 
A washer cutter, such as showm at Fig. 83, B, forms a useful article 
of repair shop equipment. The cutting blade is carried by a slid- 
ing support which may be set at any desired point on the graduated 
cutter bar. The cutter bar is turned by a large T-haSidle which 
not only provides leverage to rotate the cutter but also screw^s 
the member carrying the cutter bar into the supporting arm and 
provides a feed so the cutting tool wdii go through the material of 
which the w^asher is to be made. 

Mention has been previously made of the desirability of in- 
cluding a soft hammer in the repairman's kif and a simple fitting 
that can be attached to an ordinai^y machinist's hammer has been 
previously described. The Herat" soft hammer mold which is 
shown at Fig. 83, C, makes it possible for the repairman to make 
his own soft hammers at relatively slight expense. The operation 
is extremely simple. A piece of pipe of the size that is to serve 
for the handle is inserted in the mold and the swinging top or upper 
portion of the mold is brought in place and tightly clamped against 
the pipe by a member provided for that purpose. Old babbitt metal 
or worn out bushings of wdiite metal are placed in the ladle portion 
of the mold and are then melted over the forge fire. When the 
metal is fluid, the mold may be easily picked up and tilted to 
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allow the molten material to flow from the ladle into that portfo^ 
of the mold surrounding the piece of pipe. When the metid 
has cooled, a mallet head of substantial proportion:; will be found 
cast around the pipe handle. 

One of the most disagreeable of the operatio.is incidental to 
repairing is fishing for lost bolts and nuts in the narrow confines 
of a motor crank case, gear case or in the small space between 



Fig. 83. — ^Miscellaneous Devices for the Repair Shop. 
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jBke engine and the under pan, where it is difficult to thrust the 
^^ijbd or arm. The usual implement for fishing out the lost articles 
is a bent wire or copper tube, but the pickup pliers built on the 
lazy tongs principle shown at Pig. 83, D, make it possible to catch 
almost any object. The pliers measure 21 inches in length, extended, 
but when folded they are but 7 inches long. 

Special Home-made Tools. — The tool outfit of most automobile 
repairmen of experience includes many special tools that they 
have made from time to time for doing special jobs. Many of these 
are well adapted for general work and s^ime that were made by 
the writer when he w^as in the repair business are shown at Figs. 84 
and 85. While the method of construction is apparent from the 
sketches, it may be well to describe the uses to which the tools can 
be put. At Pig. 84, A, is shown a cotter pin tool used for ex- 
tracting split pins, w^here these are employed as a locking means. 
It will be noted that a fin of metal is provided at the hooked end 
which serves as a point of support by which considerable leverage 
may be exerted by a simple rocking motion, the fin being suppiOi;|?ed 
by any convenient projection adjacent to the pin to be removed. 
The other end of the tool is flattened and bent up to f<?^ a spreader 
to expand the ends of the pin after this member has been in- 
serted in the bolt. Tlie offset screw driver diWn at B, is easily 
bent up from a heated piece of tool steel, filed t5 shape and then 
hardened and tempered. These may be made in various sizes 
depending on the size of the screws they are to remove. 

At C, is shown a socket wrench having a T-handle that may 
be made to fit any odd size bolt head or nut that the regular stock 
sockets do not provide for. A bent box wrench which can be used 
for spark plugs is shown at D. A home-made universally jointed 
T-handle for turning sockets such as shown at P, is clearly outlined 
at E. At the present time these tools may be purchased fully as 
cheaply as they can be made, unless some odd size is needed that 
cannot be bought. The socket wrench shown at G, was made from 
an old bit stock and was intended to fit the clamping nuts on 
quick detachable demountable rims. Modifications of this tool will 
prove useful wherever there are a number of nuts of the same size 
that must be removed from time to time. The forged T-handle 
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screw driver shown at H, was made to handle large screws and 
slotted head bolts that could not be turned with the pattern 
of screw driver. The wrench at I was specially de\ ised for remov- 
ing castellated valve chamber caps. The bars at J, and K, are 
very useful for bending or straightening mud gufitrJ irops, step and 
lamp brackets, tierods, etc. That at J, is an adjustable type, one 
of the projections being movable and capable of oeing inserted 
in any one of the holes provided on the handle. At L, is shown 



Fig. 84. — Special Tools That Simplify Automobile Bepair Work. 


a special wrench made for removing the valve chamber caps hav- 
ing an internal hexagon socket and also hub caps of the same de- 
sign. The wrench at M, was made to handle cylinder head re- 
taining bolts that could not be reached with an ordinary monkey 
wrench, because a wrench of the proper size was too large through 
the jaws to fit the bolt heads which were set in depressions in the 
cylinder head casting. 

Another group of useful tools is shown at Fig. 85, these also 
being so clearly outlined that but brief description will be necessary. 
The two blocks A, are used for flaring the ends of copper or 
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tubing used in making oil or fuel leads so they will fit the 
coned end of couplings or unions. The blocks are steel, cast iron 
or bronze, of the same size and held together in proper relation 
by small dowels. The holes are of proper size to handle 3-16, 1-4, 
5-16, 3-8 and 7-16 inch diameter tubing respectively, and the ends 
are countersunk so the desired flare may be obtained. In using 
these, the tube is placed in the proper sized hole, and firmly grasped 



rig. 85. — Another Group of Special Tools and Appliances of Value 
to Aatckoiobile Bepairmen. 

A 

between* the blocks in a vise. A portion of the tufee protrudes 
above the surface, and is expanded by driving a taper punch so 
the tubing fits the sides of the countersink. 

There is no more annoying condition that confronts the repair- 
man occasionally than drop'puig a bolt, nut or other small part 
into some particularly inaccessible place such as a crankcase or 
gearcase interior from w^hich it must be removed at any cost. For 
this reason, the utensils illustrated at Fig. 85, are of special in- 
terest. That showm at B, is a small electro-magnet having a flexible 
handle so it can be thrust into very inaccessible places. The magnet 
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is a piece of soft iron about J^-ineb diameter, having a hole bored 
at one end to receive a piece of ^-inch annealed copper tubing. 

Three layers of No. 18 magnet wire are wound around it, one end 
of the wire being soldered to the copper handle close to the point 
of juncture with the iron piece. The other end of the wire is 
brought through the tube and is allowed to protrude for several 
inches at the other end. A small terminal is soldered to the handle 
where the wore comes out. To use this, the magnet is connected 
to a six volt battery, preferably dry cells (as the resistance of the 
magnet winding is so low it might short circuit a storage battery), 
and brought in contact with the nut or bolt to be removed. If 
this is iron or steel, it will be attracted by the magnetic force 
and held to the magnet and it can be easily withdrawn. 

Unfortunately, all small parts are not of magnetic material, 
and as such a magnet w^ould not be of any use if the object were 
brass, copper or aluminum, the tool shown at B is also useful. This 
IS made on the principle of a fruit picker, a number of fingers being 
bound together at one end and secured in a handle, while a sliding 
ring can be brought dowm toward the low^er end to close them 
upon the object to be removed. The fingers are light steel rod, 
flattened and serrated at the lower end to afford a grip on an 
irregularly shaped piece. The sliding ring is worked by a light 
rod extending to the top of the handle w here it may be easily raised 
and depressed wdien the lower portion is thrust in the interior 
of a crankcase, or gear housing in search of some matter out of 
]dace. Either of these devices will be fownd to have many uses, 
and the expense of making them is so slight as to be almost negli- 
gible. 

It is not alw^ays possible to provide retention or clamping nuts 
having square sides to hold a wrench. In some cases this construc- 
tion would be objectionable on account of appearance, in others, 
as in internal clamping nuts, it is not possible to fit either a hex 
or a square. Nuts of this form are usually provided with a series 
of holes drilled in their face, if of the internal form or with 
slots milled across their periphery, if of the external form. While 
it is possible to move these with a drift pin and hammer it is ai- 
rways preferable to use spanner wrenches for the purpose. These 
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are very simple and may be easily made by any repairman. The 
solid form shown at D, Fig. 85, has a disadvantage of only fitting 
one size of nuts. The adjustable form shown at F, which has a 
swinging arm, may be set to handle quite a range of work. The 
nut is turned by small pins projecting from the face of the wrench 
and adapted to fit into the holes in the nuts. For external nuts 
having milled slots, the wrench shown at Fig. 85, E, is used. The 
large spanner wrench shown at G, is utilized for removing valve 
chamber caps provided with a castellated top. The special socket 
wrench is useful where bolts or nuts must be turned from a dis- 
tpice as in working down through a seat or floor board where an 
ordinary wrench could not be handled. 

A chain repair block is shown at I. This consists of a cast 
iron base, having a channel milled through it or cored therein to 
fit the size of chain the block is to support. A piece of steel boiler 
plate, a little less in thickness than the chain roll diameter and 
having three projecting fingers is made to rest on the top of the 
block. The function of the slots between the fingers is to provide 
space for supporting the rollers while the chain link sides rest on 
the finger. This forms a secure method of holding the drive chain 
for driving out rivets that hold the chain links and rolls |<9g^ther. 
It is often difficult to replace a chain on sprockets il^ loo 
is available for holding the chain ends together while inserting 
the master link. The simple tool shown at J, was made by the 
writer in less than a quarter of an hour and proved very useful 
for doing this work. The main portion consisted of a piece of 
cold rolled steel rod having a hook bent up at one end and carrying 
a wing nut and sliding hook on the other. The sliding hook was 
simply an eye piece having a hook formed at one end. Tightening 
on the wing nut moved the eye piece on the shank and the ends 
of the chain were brought together owing to the movement of the 
hooks which filled the space between two of the rollers at each end. 

A magazine wrench which is useful in removing a number of 
nuts of the same size rapidly without necessitating handling them 
is shown at K. Tools of this form have been used by racing drivers 
in making quick demountable rim changes with ease and rapidity. 
The device consists of a cheap bit brace and special long socket 
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wrench. A simple clip is attached to the sock^^Btoch, this hay- 
ing a projecting pin into the interior in order the nuts from 

coming out of their own weight or by' a|)riBg*^^ssure^^ coil 
spring is used back of the nuts in order %|orCe these <io^^kainst 
the stop pin. Assume that a rim is hsld by six nutjmKfc will 
be apparent that all of the nuts may be^carried in the 
wTench without any trouble. To release the nut it is me^^^neces- 



Fig. 86. — Showing Construction of Wheel and Gear PuUers. 


sary to catch it on the thread, screw it home and then pull out the 
socket. The little lock spring will move back and permit another 
nut to drop in place ready to be screwed onto the next retaining 
bolt, the spring insuring constant feed. The special wrench shown 
at L, is the usual form of end wrench with the jaw portion bent 
at right angles to the handle. A wrench of this form can often 
be used where the regular type would be at a disadvantage. Men- 
tion has been previously made of valve chamber caps that were 



^ 174 ) Automobile Repairing Made Easy 

provided with iBternal hexagon or square sockets. The wrench 
shown at M e^sists of a forged handle having a piece of bar 
stock of the proper sectiop securely welded to it. The length of the 
handle^rovides considerable leverage, makes it possible to remove 
the VMKyaps even if these are rusted in place. The short pieces 
of b^F ^ck shown at M are used for the same purpose, but 
are int^ded to be turned by a large monkey wrench or by insert- 
ing a fever or pinch bar in the holes provided for the purpose at 
the top of the bar. 

^Theel and Gear Pullers. — When wheels or gears have seized 
on their axles, due either to want of lubrication or to grit, rust, etc., 
special forms of pullers are needed to remove them without injury. 
The form shown at Fig. 86, A, is intended to be used on gears that 
have threaded holes in the web to receive the screws on the end 
of the cross bar. When these screws are properly entered, pres- 
sure on the central screw will draw off the gear from ;the shaft. 
The form shown at B, is intended to be passed around the gear 
or'pulley to be removed, as it has arms with hooked ends to obtain 
a purchase on the rim of the gear. The central screw is turned by 
a crank, but in other respects its action is similar to that shown 
at A. A simple form of wheel puller that may be made by any 
repairman is shown at Fig. 86, 0. The crossbar is forged from a 
piece of scrap steel and provided with a senes of holes equally 
spaced each side of the boss. This is drilled and tapped to receive 
a standard 1.125 inch screw pointed at its lower end to fit into the 
center hole left in the end of all axles or shafts that are finished by 
turning. The arms are forgings and can be moved back and forth 
as desired on the puller beam. The upper end of the puller arms 
are provided with yokes of sufficient size to permit the beam to 
drop in and are held in place by a through pin which can be easily 
removed to permit the arm to be changed from one hole to another 
according to the size of the object to be removed. 

The large wheel puller shown at F, is practically the same in 
construction as that shown at C, except that it is more powerful 
and has three arms instead of two. The advantage gained by this 
construction is that the pressure is exerted at three equidistant 
points and it is not possible for the puller to spring sideways when 
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the pressure is applied to the screw as sometimes ‘ occurs with 
the two-armed form. The beam is a heavy steel forging, the arms 
of which are drilled with a number of holes so the hook members 
can be moved to accommodate various sizes of work. For re^ 
moving" wheels from live axle shafts, as is necessary on all non- 
floating rear axles, the devices shown at D and E are useful. These 
are practicall}’^ heavier duplicates of hub caps provided w’lth a pres- 
sure screw in the center forced in against the axle after the device 
is screwed on the wheel hub. The body castings may be of steel or 
bronze and even malleable or east iron may b^ employed. The 
puller shown at E, has a minor advantage in that threads may be 
brought closer to the wheel hub by screwing the clamping bolt 
which tightens the body portion around the thread should that 
member be a trifle undersized. 

The wdieel puller shown at G, Fig. 86, is a new pattern capable 
of handling a w ide range of work. The arms are heat-treated steel 
drop forgings and can be quickly adjusted to handle w^ork as wide 
as thirteen inches. P"or small pieces such as pinions, cams, etc., of 
inches diameter or less, extension arms are provided to enable 
one to exert pressure for the removal of the small piece. The 
center screw passes through a tlireaded block into which the bolts 
holding the arms in place screw^ As each arm is provided with 
nine holes and as they are capable of swinging on the fulcrum-end 
it wdll be evident that a large variety of work can be handled with 
one wheel puller. 

Typical Special Tool Equipment. — The makers of all the popu- 
lar cars, especially those that are produced in any quantity, furnish 
special tools for the use of their repairmen or for those employed 
in the service stations of the agents. As an example of the special 
tools that it is x^ossible to obtain, the assortment used by repairmen 
of Ford Model T cars is showm at Fig. 87. The device at A is a 
wheel puller designed to go on the hub in place of the hub cap. 
In operation it is the same as the form showm at Fig. 86, D and E. 
The tools shown at Fig. 87, B, C, D, F, G, and D-2, form part 
of the regular tool equipment. The box wTeneh at E is also fur- 
nished with each car and is a hub cap wrench having one end 
formed to fit the slabbed portion of the front wheel bearing 




Fig. 87. — Special Tools of Value in Bepairmg Ford Automobiles. 
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typical Special Tool Equipment 

adjusting cone lock nut. A valve spring lifter is sho^ at H; while 
a valve seat reamer is shown at I. The valves are turned while 
grinding by the special brace S, which can be hsed on all of the 
valves except the one on the rear cylinder, whicn is immediately 
under the dash board. To turn this valve the special wrench shown 
at L, is provided. A special T-handle socket wrench for handling 
%-inch nuts or bolt heads such as used on the rear construction 
and various other points is shown at J. A T-handle screw-driver, 
for the set screws which are employed in retaining the camshaft 
bearings, is shown at O. The puller shown at E is for removing 
the cam gear from the camshaft, wdi lie that at Q is a transmission 
clutch puller. The brace shown at R, is a special socket wrench 
for 5^-inch bolt nuts. The brace shown at T, is employed for re- 
moving the magnet-retaining serew's in the magneto assembly. The 
tire irons at A-2, the tool roll at B, the pump at D-1, and the spark 
plug socket wTench at D-2 are all jiarts of the regular tool equip- 
ment furnished with each car. 

The simple fitting shown at W, is a piston ring compressor 
employed to compress the rings in the piston grooves to facilitate 
easy assembly in the cylinder block. A number of special socket 
wrenches are shown at X, Y, Z ; A-1, C-1, C-2 and C-3. These are 
all intended for use on the various fastenings used in holding 
the parts together. For example, that at X is a socket wrench for 
the cranksliaft main bearing bolt nuts. That at Y is for 54-inch 
bolt heads or nuts. The wrench at Z is for removing the cylinder 
head retaining bolts. The wrench for removing the pinion drive 
shaft housing retaining stud nuts is shown at C-1, this being used 
for 54-iuch nuts. The rear axle housing bolt nut wrench is shown 
at C-2, while the form outlined at C-3 is similar to that shown 
at C-1 except that it fits 11/32-inch nuts. The special end wrench 
at M, is for the flywheel retention cap screws, that at U, is for 
removing the large cam gear lock nut while that at B-1 is a regular 
open end wrench for nuts. The prices on these tools are 

so low that it is cheaper to purchase from the factory than to at- 
tempt to make them. 

Tools and Supplies Itemized. — The following lists are presented 
Hs a guide for the novice repairman or motorist w^ho wdshes to make 
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liis own repairs and enumerate the most important of the tools nec- 
essary in automobile repairing and the supplies most generally 
used in restoring defective mechanism. It is not possible to enumer- 
ate all tools that can be used to advantage as their number is 
legion. However, selections of those needed can be made from the 
lists for the regular tool equipment and can be augmented as 
CQ^ylkions dictate. The wider the range of work the shop is to 
attempt, the more complete the tool and sujiply stock must be. 

TOOLS FOR THE REPAIR SHOP 

Hammers 

Blacksmith’s hammer — 4^/2 lb liead 
Blacksmith’s sledge — 10 Ib. head, short haodle 
Blacksmith ’s sledge — 20 lb head, long handle. 

Machinist’s ball pein hammers — 1 lb. head, 2 lb head. 

Machinist ’s ball pein hammers — lb. head. 

Machinist’s straight pein hammers — 4 oz head. 

Wooden or Rawhide Mallet 
Lead or Babbitt hammer. 

Wrenches • 

Ratchet Handle Socket Wrench Set. 

Six-inch Stillson wrench 
Twelve-inch Stillson wrench 
Eighteen-inch Stillson wrench 
Six-inch Coes or other monkey wrench 
Twelve-inch Coes or other monkey wrench, - 
Eighteen-inch Coes or other monkey wrench. 

Set of double end S wienches 
Assorted Spanner wrenches 
Bicycle wrench, small 4 inches. 

Narrow jaw monkey wrench, 8 inches. 

Bemis and Call Adjustable end wrench, 6 inches. 

Bemis and Call Adjustable end wrench, 8 inches. 

Spark plug socket wrench. 

Small hand vise. 

Pliers, etc.* 

Combination pliers, 6 inches, 10 inches. 

Side cutting, parallel jaw* pliers. 
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List of Tools and Supplies 

Pliebs, etc. — Continued: 

Special anti-skid chain pliers. 

Tire casing cut repair piiers. 

Cotter pin-phers. 

Piston ring expanding pliers. 

Tinner snips. 

Heavy shears. 

Bolt cutter. 

Screw Drivers • 

Jeweler small screw driver 

Six-inch screw driver, ^^-inch width blade 

Ten-inch screw driver, ^-inch width blade. 

Twelve-inch screw driver, %-mch blade. 

T handle Bulldog screw driver. 

Misceixaneous Tools* 

Wheel pullers, valve spring lifters, etc 
Breast drill, two-speed 

Valve seat reamers, valve head truing cutters. 

Hand drill, one-speed 
Belt punch. 

Bit brace, ratchet and bits. 

Carpenter’s cross cut saw 

Hacksaw frame and extra saws for tubing and bar stock. 
Batehet drill set. 

Gasoline blow torch. 

Spring winder, chassis spring spreader 
Scrapers (carbon). 

Scrapers (bearing). 

Jack plane and wood chisels 

Set of number drills 

Wire scratch brush, putty knife 

Set of taps and dies — S. A. E. standard 

Set of taps and dies — metric standards (foreign). 

Set of taps and dies — American standard. 

Soldering irons — large, medium and smalL 
Set of straight and taper hand reamers. 


Files, etc.: 

Twelve-inch bastard cut, flat. 
Twelve-inch bastard cut, half round. 
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ETp. — Continued: 

Ten-incli bastard cut, round. 

Ten-inch bastard cut, square. 

Ten-inch bastard cut, three-cornered. 

Eight-inch second cut, flat. 

Eight-inch second cut, half round. 

Eight-inch finishing cut, flat. 

Eight-inch finishing cut, half round. 

Eight-inch finishing cut, rat tail. 

Eight-inch finishing cut, three-cornered. 

Six-inch finishing cut, flat. 

Six-inch finishing cut, rat tail. 

Set of file handles and file brush. 

Small and large oil stones. 

Chisels, etc 

Cape chisels — small, medium and large. 

Chipping chisels — small, medium and large. 

Bound nose chisels — small, medium and large 
Diamond point chisels — small, medium and large. 

Center punches: — small, medium and large. 

Drift pins— %, Vi, % and %-inch point. 

Cotter pin puller. 

Set of straight and offset scribers. » 

Measubing Tools : 

Carpenter’s and machinist's tri-squares — small six-mch, large twenty- 
four inch. 

Machinist's twelve-inch flexible scale, six-inch scale, 2-inch scale. 
Carpenter’s two-foot folding rule 
Caliper rule. 

Combination square and protractor, 18-mch scale. 

Spirit level, cross level 

External micrometers, one, two, three and 6-inch with extenaion pieces 
Internal micrometer, with extension pieces 
Thread gauge. 

Hermaphrodite calipers — small, medium and large 
Small internal calipers. 

Large internal calipers. 

Small external calipers. 

Large external calipers. 

Spring dividers, small and medium. 

Friction ^oint dividers, large. 



181 


List of Tools' and Supplies 

BJfcNCH Equipment; 

Medium size pipe vise. 

Large swivel vise. 

Medium swivel vise. 

Surface plate. 

Small bench anvil. 

Machinist's clamps 
C clamps — large, medium and small. 

Straight edge and surface gauge. 

Pyrene fire extinguisher 
Angle bender. 


ELECTRICAL EQUIPMENT 

Extension lamps with wood handle and steel cage 
Electric breast drill. 

Storage battery charging means, Rheostat, lamps or rectifier. 
Still for making pure water. 

Voltmeter for testing storage batteries 
Ammeter for testing dry cells. 

Hydrometers and hydrometer syringes. 

Acid bottles and electrolyte crocks. 

Extra strap connections, wing nuts and lead bolts 
Torch for lead burning. 


TIRE REPAIR MATERIAL 

Vulcanizer for casings. 

Molds for same. 

Vulcanizer for tubes. 

Acid euro or cold vulcanizing set. 

Stock outfit for vulcanizing and patching, rubber, canvas, etc. 
Rubber cements, cut fillers, etc. 

Air-compressor outfit 

Jacks, two of each size, large, medium. 

Tire irons, special rim tools 
Valve tools, air pressure gauge 
Extra valves and valve parts. 

Casing oir bags or coil springs for use when vulcanizing. 

Inner tube patches, inside and outside casing blowout sleeves. 
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REPAIR SHOP FURNITURE 

Movable and wall benches. 

Wheeled trucks, special jacks, trestles, etc. 

Oil separator and filter. 

Sixty-gallon oil tanks, with pumps 
Small tanks for kerosene, alcohol, cutting oil, etc 
Oasoline storage system, 100 gallons or larger 
Oil cans, oil and grease guns 

■Covered cans for waste, oily rags, and rubbish. 

Pails of sand and chemical extinguishers for fire. 
Overhead washer, hose and faucets 
Washing materials, soaps, sponges, chamois, etc. 
Water heater 

Potash kettle, babbitt melting pot 
Drains, traps, etc , according to law" 

Dightstand for night work on cars 
Block and tackle, chain hoists, etc 
Overhead trolley track or portable crane. 

Turntable or substitute 
-Steel or wooden lockers 
Oil drij) pans for floors. 

Dustbrush, floor broom, whisk broom 

Water pails, quart and gallon measures, funnels. 

Brazing forge 

Autogenous welding outfit 

Carbon-removing outfit. 

Blacksmith 's forge and blow'er 

Post drill press and drills 

Five hundred pound anvil and block. 

Quenching tank, forge coal box 


KEPATR SHOP SUPPLIES 

Class A — Hardware Stock. 

Round cold-rolled steel rods, % inch. 

Round machinery steel bars, %, %, 1, \y^ inch. 

Flat band iron and steel, assorted sizes as needed. 

Drill rod, assorted sizes 

Black sheet iron, sheet brass and copper, assorted gauges. 
Tinned and galvanized iron sheets 
Tool steel, for lathe and planer tools. 
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Class A — Hardware Stock — Continued, 

Key stock in bars, %, l^-lnch square 

Paper thin coppei or brass for shims. 

Cored bronze bais, for bushinj^s, assorted 
Babbitt or Magnolia metal ingots 
Bare copper and iron wire, 14, 16, 18, 20 gauge 
Piano and phosphor bronze wire, for springs 
Soft wire solder, half and half solder, hard solder 
Brazing spelter, granulated and in wire. 

Seamless steel tubing, si/es as needed 
Brass and copper tubing, sizes as needed 
Annealed seamless copper tubing for fuel and gas lines — ^4, ^iq, % inch. 
Compression couplings for copper tubing, ells, tees, unions, etc 
Norway iron and copper rn ets and burrs, assorted 
Punched iron rvashers — V 2 , ^unch holes 

Bolts and nuts, assortment of standard sizes 
Split pins and lock washers, assortment. 

Cap screws, stove bolts, carriage bolts, assortment 

Wood screws, round, flat and oval head, blued steel, brass and nickel. 

Lag screws, brads, nails, escutcheon pins, upholsterer ^s tacks 
Set screws, taper pins, lock nuts, assortment 
Woodruff keys and cutters, assortment. 
l^-lnch brass pijpe, other sizes as needed 

Standard brass fittings, ^-inch pipe size, ells, tees, unions, pet cocks, etc. 

Class B — Miscfi L\^LOU s Supplies. 

Emery, three grades — fine, medium and coarse 
Crocus, grindstone dust, ground glass, corborundum 
Crocus clotch, emery cloth, sand paper, assortment. 

Lard oil for cutting, cutting compound. 

Lubricants, cylinder oil — light medium, heavy 
Lubricants, machine oil, three-in-one, cup grease, graphite 
Lubricants special grease for transmissions and ball bearings. 

Rubber matting and linoleum for floor boards, etc. 

Brass molding, for running boards, etc 

Sheet felt, assortment felt oil retaining washers. 

Fiber tubes and rods, as needed 

Sheet hard rubber, black or red fiber, assorted thicknesses. 

Heavy brown paper and light cardboard for packings. 

Sheet asbestos, niobiline, for packings. 

Sheet rubber packings for water joints and pump covers. 

Asbestos cord, candle wicking, hemp packing. 

Red rubber tubing for gas line, ^iQ-inch hole. 
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CIULSS B-^Miscellaneous Suppufis — Continued: 

Bubber steam hose for water connections. 

Assorted hose clamps. 

Assorted copper-asbestos gaskets and packings for popular cars. 
Spark plugs, %-inch Briggs pipe, metric and S. A. E. standard. 
Dry batteries, 6x2% inch, and connecters. 

Aluminum solder and flux. 

Sheet celluloid for top windows. 

Primary and secondary cables, terminals, etc. 

Circular loom, electrical tape, insulating varnish. 

Bound and fiat leather belts and lacings 
Coil spring fan and oiler belts, couplings. 

Spring clips, oil and grease cups, compression relief cocks. 

Waste and cleaning cloths. 

CtASS C — Chemicals, Paints, etc. 

Carbon tetrachloride, benzine, rust remover. 

Grain alcohol, white and orange shellac. 

Body polish, metal polish, varnish, black enamel 
Black asphaltum paint, stove polish, exhaust pipe black. 

Pearl gray cylinder enamel, other colors as needed. 

Aluminum powder and banana oil lacquer. 

Rubber cements, smooth-on for metal, glue for wood. 

Talcum powder, borax, fuller earth 
Putty, fire clay, asbestos cement. 

Kerosene, wood alcohol, gasoline, acetone. 

Paraffine wax, beeswax, tallow, resin 
Proprietary welding, brazing and soldering fluxes. 

Calcium chloride and glycerine, for anti-freeze compounds 
Wood alcohol, for anti-freeze compounds. 

Potash or lye, sal-ammoniac, washing soda. 

Muriatic acid (soldering fluid), hydrofluoric acid (for marking tools). 
Copper sulphate solution for coppering steel or iron beforfe maikmg. 
Sulphuric acid (chemically pure) and distilled water. 
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OVEKHAULINO THE GASOLINE ENGINE 

Taking Down the Motor — Examination and Marking of Parts — Defects in 
Cylinders — Carbon Deposits, their Cause and Prevention — Use of Carbon 
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Many car owners recognize the value of having the car over- 
hauled before the inception of the active riding season when cli- 
matic conditions are not favorable to the continual operation of the 
car. In those portions of the country where cars may be kept 
in operation all the year round, a certain time each year should be 
set apart for giving the car a thorough looking over with a view 
j^.oi^yetermining the points where depreciation exists, and the best 
^ inethods of remedying the defective condition. The wise motor- 
ist realizes that this work of restoration is absolutely necessary/ 
if, continued satisfactory service is to be expected from the oar. 
Th^ motorist who shuns the expense of having the machine looked 
over and who operates it as long as the various parts function, is 
generally the one who is loudest in the condemnation of the auto- 
mobile. In this chapter, the writer proposes to discuss the various 
steps incidental to overhauling gasoline engines of various types 
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and in order to do this in a waj that will be of value to the motor- 
ist or novice repairmen it is necessary to treat of the various parts 
in logical sequence. The suggestions given are all based on a practi- 
cal experience with the repair of automobiles and nothing of 
doubtful value will be described. 

Taking Dovm the Motor. — In order to look over the parts 
of an engine and to restore the worn or defective components it is 
necessary to take the engine entirely apart as it is only when the 
power plant is thoroughly dismantled that the parts can be in- 
spected or measured to determine defects or wear. If one is not 
familiar with the engine to be inspected, even though the work 
is done by a repairman of experience, it will be found of value 
to take certain precautions w^hen dismantling the engine in order 
to insure that all parts will be replaced in the same position they 
occupied before removal. There are a number of ways of identi- 
fying the parts, one of the simplest and surest being to mark them 
with steel numbers or letters or with a series of center punch marks 
in order to retain the proper relation when reassembling. This 
is of special importance m connection with dismantling multiple 
cylinder engines as it is vital that pistons, piston rings, eonnectir^ 
rods, valves, and other cylinder parts be always replaced Jn the 
jsame cylinder from which they were removed, because it is uncom- 
mon to find equal depreciation in all cylinders. Some repairmen 
use small shipping tags to identify the pieces. This ami be criticized 
because the tags may become detached and lost and t^ identity of 
the piece mistaken. If the repairing is being done in a shop where 
other cars of the same make are being worked on, the repairman 
should be provided with a large chest fitted /with a lock and key 
in wdiich all of the smaller parts, such as rods, bolts and nuts, 
valves, gears, valve springs, camshafts, etc., may be stored to pre- 
vent the possibility of confusion with similar members of other 
cars. All parts should be thoroughly cleaned gasoline or 

in the potash kettle as removed, and wiped clean and dry. This 
IS necessary to show wear which will be evidenced by easily identi- 
fied indications in cases where the machine has been used for a 
time, but in others, the deterioration can only be detected by deli- 
cate measuring instruments. 
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A typical four cylinder automobile motor is shown at Pig. 88, 
with all parts in place. In taking down a motor the smaller parts 
and fittings such as spark plugs, manifolds and wiring should be 
removed first. Then the more important members such as cylinders 
may be removed from the crankcase to give access to the interior 



Fig. 88. — View of Typical Four Cylinder Automobile Power Plant, 


and make possible the examination of the pistons, rings and con> 
necting rods. After the cylinders are removed the next operation 
IS to disconnect the connecting rods from the crankshaft and to 
remove them and the pistons attached as a unit. Then the crank- 
case is dismembered, in most cases by removing the bottom plate,, 
thus exposing the main bearings and crankshaft. The first opera- 
tion is the removal of the inlet and exhaust manifolds, next one 
uncouples the water piping from the radiator. There are various 
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methods of fastening manifolds on the cylinder casting, the most 
(Common being by retaining stirrups as shown in engine at Fig. 
88, or by flanges and bolts as outlined in illustrations of engines 
at Fig. 89. As will be evident, where cylinders are of the T-head 
form with valves on opposite sides of the cylinder casting, the 
bolt and flange system is generally used. On L-head motors, where 
the valves are in the same extension of the cylinder casting, the 
bolt and stirrup retention method is generally followed. One may 
safely say that engines of low and moderate priced cars, being of 
the L-head form will have the manifold retained by stirrups and 
bolts, whereas the T-head power plant of the larger and higher 
priced cars will use the bolted manifold construction. 

It is now common practice to cast all cylinders together, blocks 
of four being very common and blocks of six are not rare enough 
to cause comment. In some cases the manifolds are cored integral 
with the cylinder casting and it is merely necessary to remove 
a short pipe leading from the carburetor to one inlet opening and 
the exhaust pipe from the outlet opening common to all cylinders. 
In order to remove the carburetor it is necessary to shut off 
the gasoline supply at the tank and to remove the pipe coupling 
at the float chamber. It is also necessary to disconnect the throttle 
operating rod. After the cylinders are removed and before taking 
the crankcase apart it is well to remove the water pump, ijagneto, 
and mechanical oiler if that system of lubrication is TJ^iiL The 
wiring on most engines of modern development is carried in con- 
duits and usually releasing two or three minor fastenings will 
permit one to take off the plug wiring as a uniL The wire should be 
disconnected from both spark plugs and magneto distributor be- 
fore its removal. The appearance of tbe engine shown at the 
bottom of Fig. 89, after the magneto ignition wiring, spark plugs 
and front of timing gear case are removed is showm at Pig. 91, A. 
The next operation in dismantling this engine is to take off the 
four nuts holding the induction manifold to the cylinder castings 
and when the manifold is removed the carburetor comes with it. 
The appearance of the engine after this has been done is shown 
at Fig. 91, B. The next parts to be taken off, the cylinder castings, 
are shown shaded in this view. The appearance of this engine after 
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Fig. 89. — ^Exhaust and Intake Sides of Locomobile Four Cylinder Motor. 
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Fig 90. — Views of Overland Model 82 Six Cylinder Motor, Showing 
Hypical Block Motor Design. 
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the cylinders have been removed is clearly indicated Lt Fig* 92- 
In this case the magneto or water pump has not been disturbed. 
The pistons, piston rings, and connecting rods are clearly exposed 
and their condition may be readily noticed. 

Before disturbing the arrangement of the timing gears, it is 
important that these be marked so that th^y will be replaced in 
exactly the same relation as intended by the engine designer. If 
the gears are properly marked the valve timing and magneto set- 
ting will be undisturbed when the parts are replaced after over- 
hauling. When an engine has been taken down to the point shown 
at Fig. 92, it is possible to ascertain if there is any undue wear 
present in the connecting rod bearings at either the wrist pin or 
crank pin ends and also to form some idea of the amount of carbon 
deposits on the piston top and back of th^ piston rings. Any wear 
of the timing gears can also be determined. The removal of the 
bottom plate of the engine enables the repairman to see if the 
main bearings are worn unduly. Often bearings may be taken up 
sufficiently to eliminate all hxiseness. In other cases they may be 
worn enough so that careful refitting will be necessary. 

All engines are not of the type sliovm at Figs. 88 and 89. Where 
the crankcase is divided horizontally into two portions, the upper 
one serving as an engine base to which the cylinders and in fact 
all important working parts are attached, the lower portion, per- 
forms the functions of an oil container and cover for the internal 
mechanism. There is a tendency on the part of modern designers 
to combine the cylinders and a portion of the crankcase in one 
casting, using a detachable cylinder head construction in order to 
permit valve grinding and carbon removal without taking the engine 
out of the chassis frame. The connecting rods and pistons may 
also be removed where this construction is followed through the 
opening left after the detachable cylinder head is removed. In 
the engine shown at Fig. 93, not only the cylinders but practically 
the entire engine crankcase, except for the plate closing the bot- 
tom is cast in one unit. It will be evident that the removal of 
the bottom jilate and cylinder head will provide access to the 
interior of the motor. Attention is directed to the inlet manifold 
construction which is cored in the cylinder block. The exhaust 
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manifold however, is a separate casting secured to the cylinder 
block in the usual way. 

The important parts of an engine of the conventional four 
cylinder pattern where the cylinders are cast in pairs are clearly 
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shown at Fig. 94, and their appearance may be readily noted. 
It will be evident that when the bottom of the cranke^^ k removed^ 
the crankshaft is exposed and the main bearing caps may be re- 
leased by unscrewing the bearing cap retention bolts. A number 
of parts of typical engines are also indicated at Fig. 95. The 
view at A, shows the appearance of the usual arrangement of the 



Fig. 92. — View of Automobile Engme with Cylinders Bemoved to Expose 
Pistons and Connecting Bod and with Timmg Gear Case Taken Off 
to Expose Gearing. 


timing gears when cylinders of the T-head form are employed. 
As wdll be apparent one large gear is carried by each camshaft, 
these being turned by a pinion of half their size on the crankshaft. 
The method of retaining the timing gear varies with the con- 
struction of the engine. In the form shown at A, the gears are 
held on the flanged camshaft end by three square head cap screws 
which are wired together to prevent loosening. In the construc- 
tion shown at Pig. 92, the camshaft gears are securely held by four 
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CMttellated retention nuts which screw on studs projecting frdm 
the camshaft flange end. The smaller gears, such as the magneto 
drive and pump drive are usually held by a key which is set into 
a taper shaft and the gears are tightly clamped on the taper by 
substantial clamping nuts. 
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Fig. 93. — End Sectional View of Eewis Six Cylinder Motor Showing 
Unconventional Construction in Which Cylinders and Crank Case 
are Formed Integral. 
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Fig. 94. — Views of Partiiilly Dismantled Automobile Engine. 
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Attention has been previously called to the necessity of mark- 
ing the timing gears. The manner in which this can be done is 
clearly indicated at Pig. 95, B. It will be seen that the crank- 
shaft gear is provided with two figures, ‘ ' 1 ’ ' and ' ^ 1, ’ ’ opposite cer- 



rig. 95 — Showing Method of Marking Timing Gears and Group of 
MisceUaneous Motor Parts. 


tarn teeth. The camshaft drive gear is provided 'vvith a numeral 1 
to indicate the space that the tooth marked 1 on the crankshaft gear 
should occupy. Similarly the intermediate gear which transmits 
motion to the magneto drive gear is marked with a 2 and 3 which 
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should correspond to the corresponding numerals on the crank- 
shaft gear and member driving the magneto armati^^. At C, 
Pig. 95, is shown a group of the important internal parts of the 
engine. These are plainly marked and should be readily recognized 
]>y even the novice. At Pig. 95, D, a typical pisto:i and connecting 
rod assembly is depicted. In this view, the parts are also identified 
and further description is unnecessary. 



Fig. 96. — Lower Portion of Engine Base Eemoved to Show Crankshaft 
and Accessibility of Mam Bearings. 


The illustration at Pig. 96, is that of the crankcase shown at 
Pig. 92, as it looks when vle^^ed from the bottom after the lower 
portion of the crankcase has been removed. As will be apparent, 
the main bearing caps that hold the crankshaft in place may 
be released by taking off the retention nuts and the connecting 
rod bearing caps which keep these members attached to the crank 
pins are also exposed for inspection 

In some multiple cylinder engines the cylinders are cast indi- 
vidually and instead of the crankshaft having three main bearings. 
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atB in the engine shown at Pig. 96, it has five main bearings as 
indicated in the sectional view of the Overland engine shown 
at Pig. 97. When the cylinders are cast individually it is possible 
to replace a defective cylinder without sacrificing the remainder as 
is imperative if the cylinders are cast in block. Individual cylinders 



Fig. 97. — Longitudinal Sectional View of Overland Fito Cylinder Motor, 
a Type Having Individual Cylinder Castings and a Five Bearing 
Cxanksliaft. 


are more easily handled, but where these are used it is absolutely 
necessary to mark them so that they will always be replaced in 
proper position. In most cases, the cylinders are duplicates of 
each other and if, they were not marked it would not be difficult 
to transpose them on the engine base, an undesirable proceeding. 

In order to familiarize the motorist or novice repairman with 
engine construction a side sectional view of a typical power plant 
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in the position it occupies in the car frame is shown at Fig, 98, 
while a front sectional view is shown at Fig. 99. This eagine is a 
four cylinder T-head form and is the same as that outlined in illus- 
trations at Fig. 90, which clearly indicate the external appearance 
of the power plant. The various important paHs are indicated 
and should be easily identified when working on engines of this 
type. One of the most widely used of automobile poWer plants 



rig. 98. — ^Longitudinal Sectional View of Locomobile Four Cylinder 
Motor Which Has Cylinders Cast in Fairs and a Three Bearing 
Crankshaft. 


and one that practically all repairmen will have occasion to work 
on at some time or other owing to the thousands in use in all 
parts of the world is that employed on the Ford Model T-automo- 
bile. This power plant is shown in part sectional view at Fig. 
100. It is a unit power plant, as the planetary change speed gear* 
ing is carried in an extension of the engine crankcase. The four 
cylindei*s and upper portion of the crankcase are cast as a unit. 
The cylinder head is removable. One of the novelties of construe- 
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tion in this motor is the use of a flywheel magneto, the balance 
member carrying a series of U-shaped magnets which revolve past 
a series of fixed field coils attached to a plate which does not 
rotate on account of being bolted to the engine crankcase. The 
general construction of the engine may be readily ascertained 
by careful inspection of the illustration. 

Defects in Cylinders. — After the cylinders have been removed 
and stripped of all fittings, they should be thoroughly cleaned and 
then carefully examined for the defects enumerated at Fig. 101. 



Fig. 99. — Prant Sectional View of Locomobile Four Cylinder Motor. 
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The interior or bore should be looked at with a view of finding 
score marks, grooves, cuts or scratches in the interior, beeau5;e there 
are many faults that may be ascribed to depreciation at this point. 
The cylinder bore may be worn out of round, which can only be 
determined by measuring with an internal caliper or dial indicator 
even if the cylinder bore shows no sign of wear. The dan ^^e at the 
bottom of the cylinder by which it is hel 1 to the engine base may 
be cracked. The water jacket wall may have opened up due to 
freezing of the jacket water at some time or other or it may be 
filled with scale and sediment due to the use cf impure cooling 
water. The valve seat may be scored or pitted while the threads 
holding the valve chamber cap may be worn so that the cap will 
not be a tight fit. The cylinder described is an individual casting 
of the L-head form having integrally ca'^t water jacket. 

Other forms of unit cylinders have been evolved, one of the 
most widely used being that of the four cylinder Cadillac engines, 
which is shown at Pig. 102. This incorporates several novelties 
in construction, one being the applied sheet copper water jacket, 
the other being tiie detachable cylinder head casting which is. 
screw^ed down against the top of the copper water jacket and held 
111 place on the cylinder by an externally threaded close nipple. 
The advantages that were claimed for this construction are easy 
replacement of one defective cylinder assembly part without scrap- 
ing the rest. For example, when the cylinder construction shown 
at Fig. 101 is used, if the cylinder bore is badly scored, the entire 
casting must be thrown away, even though the water jacket, com- 
bustion and valve chambers are in perfect condition. With the 
Cadillac construction, should the waiter jacket be faulty it is impos- 
sible to repair tins easily owung to the material employed or to 
replace it if repairs are not practical. If the cylinder should be 
scored, the water jacket and combustion head may be saved and a 
new cylinder casting purchased at considerably less cost than that 
of the complete unit cylinder. 

Many motors have been made by the Knox Company, using 
individually cast cylinders of the form shown in section at Pig. 
103, A, and completely assembled at B, in one view and with 
cylinder head removed in the other. This detachable head con- 
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Fig. 100. — Part Sectional View of the Ford Four Cylinder Unit Power Plant. 
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struction was necessary on account of having the valves seat directly 
against flat seatings machined in the head casting. The head cast- 
ing is provided with its own water jacket, as is the cylinder, con- 
nections being made between the two by a short bent pipe held 
in place by the same stirrup member that holds the manifold to 
the cylinder. The detachable head construction makes it possible 
to remove that member and obtain ready access to the piston tops 
for scraping out carbon w^ithout taking the main cylinder portion 
from the crankcase. When the valves need grinding the head may 
be removed and carried to the bench wdiere the work may be per- 
formed with absolute assurance that none of the valve grinding 
compound will penetrate into the interior of the cylinder as is 
sometimes unavoidable with the L-head cylinder shown at Pig. 
101, or the T-head form outlined at Pig. 99, in which the valve 
seatings are in pockets cast integrally with the cylinder. 

The detachable head construction has only recently become 
popular, though it w’as one of the earliest forms of automobile en- 
gine construction. In the early days it w^as difficult to procure 
gaskets or packings that w'ould be both gas and ^vater tight. The 
sheet asbestos commonly used w^as too soft and blew out readily. 
Besides a new gasket had to be made every time the cylinder head 
was removed. Woven wire and asbestos packings impregnated 
with rubber, red lead, graphite and other filling materials w^ere 
more satisfactory than the soft sheet asbestos but w^re prone to 
burn out if the water supply became low. Materials such as sheet 
copper or brass proved to be too hard to form a sufficiently yield- 
ing packing medium that w^ould allow for the inevitable slight 
inaccuracies in machining the cylinder head and cylinder. The 
invention of the copper-asbestos gasket, which is composed of two 
sheets of very thin, soft copper bound together by a thin edging 
of the same material and having a piece of sheet asbestos inter- 
posed solved this problem. One of the first engines to use the de- 
tachable cylinder head piece was the Ford, and at the time it was 
first introduced it wms met wdth considerable criticism on the part 
of automobile engineers. That this proved unfounded and based 
on personal prejudice is clearly demonstrated at this time by the 
wide use of the detachable head construction. Copper-asbestos 
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Fig. 101. — Sectional View of Automobile Engine Cylinder, Showing 
Defects that Will Eeduce Engine Efficiency. 


packings form an effective seal against leakage of water and a 
positive retention means for keeping the explosion pressure in the 
cylinder. 

The great advantage of the detachable head is that it permits of 
very easy inspection of the piston tops and combustion chamber 
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interiors which can only be done with cylinders of the L, or T, form 
by removing the cylinder from the engine base. Two forms of 
removable cylinder heads are shown at Pig. 104. They are similar 
in design and utilize the same form of gasket, the only difference 

being that the type 

shown at A, serves two * 

cylinders while the one 
outlined at B, covers j 

the four cylinders. 

The construction at A, 

IS used on tjie Oakland 
car while that at B, is 
found on the Ford, 

Metz, Begal, Carter- 
car. Maxwell, Oakland j 

and several others. 

The cylinder heads 
are securely held by 
substantial retention 
bolts and if these are 
properly tightened and r, Cvi 

the gasket is in good ^ 

condition tliere is not 

1 1 1 , . Fig. 102. — Cylinder of Cadillac Four Cylinder 

likely to be any loss in Motor Using Applied Copper Water Jacket, 
pressure clue to leak- 

age. One of the most important things to look for when the cylin- 
der has been remo\ed or the cylinder head taken off, if that method 
of construction is followed, is carbon deposits. These accumulate 
at the various points indicated at Fig. 105, namely the piston top, 
valves, around the spark plug and at several points in the com- 
bustion chamber. 


Carbon Deposits, Their Cause and Prevention. — Most authori- 
ties agree that carbon is the result of imperfect combustion of the 
fuel and air mixture as well as the use of lubricating oils of im- 
proper flash point. Lubricating oils that work by the piston rings 
may become decomposed by the great heat in the combustion 
chamber but at the same time one cannot blame the lubricating 
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Fig. 103. — Views Outlining Construction of Knox Detachable Head Motor Cylinder. 
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oil for all of the carbon deposits. There is little reason to suspect 
that pure petroleum oil of proper body will deposit excessive 
amounts of carbon, though if the oil contains a resinous or animal 
fat filler there would be much carbon left in the interior of the 
combustion chamber. Fuel mixtures that are too rich in gasoline 
also produce these undesirable accumulations. 

A very interesting chemical analysis of a sample of carbon 
scraped from the interior of a motor vehicle engine shows that 
ordinarily the lubricant is not as much to blame as is commonly 
supposed. The analysis was as follows: 


Oil 14.3% 

Other combustible matter 17.9 

Saud, clay, etc 24 8 

Iron oxide . . ... 24.5 

Carbonate of lime . . .... . 8.9 

Other constituents . . , 9.6 


It is extremely probable that the above could be divided into 
two general classes, these being approximately 32.2% oil and com- 
bustible matter and a much larger proportion or 67.8% of earthy 
matter. The presence of such a large percentage of earthy matter 
is undoubtedly due to the impurities in the air, such as road dust 
which has been sucked m througli the carburetor. The fact that 
over 17% of the matter which is combustible was not of an oily 
nature lends strong support to this view, w^hile the ratios of the 
constituents of the incombustible material to one another is very 
nearly what would be expected in debris from ordinary macadam 
roads. If one assumes that half of the combustible matter, not of 
oily derivation, comes from the road dust and that one-fifth of the 
oxide of iron also arises from this source, the approximate composi- 
tion of this cylinder deposit may be expressed as follows: 


Residual matter from oil 23% 

Iron dust due to friction in cylinder 20 

Road dust 57 


It will be evident tliat fully 50% of this deposit can be attrib- 
uted to the ordinary dust of the highway and not to excessive fuel 
or an impure grade of lubricating oil. Wliile it is imperative to 
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rig. 104. — Showing Utility of Detachable Cylinder Heads and How They 
Make for Superior Accessibility of Valves and Combustion Chambers. 

use as little gasoline in the mixture as possible and to supply only 
the proper quantities of high grade lubricating oil, it will be 
evident that even if these precautions were carefully observed 
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there would still be considerable deposit as the result of the im^ 
purities drawn in through the carburetor. It is very gopd practice^ 
to provide a screen on the air intake to reduce the amounts of dust 
sucked in with the air as well as observing the proper precautions 
relative to supplying the proper quantities of ai"* to the mixture 
and of not using any more oil than is needed to insure proper lubri- 
cation of the internal mechanism. 

Use of Carbon Scrapers. — It is not unusual for ^ne lo hear an 
automobile driver complain that the car he drives is not as respon- 
sive as it was when 
new after he has run 
it but very few 
months. There does 
not seem to be any- 
thing actually wrong 
with the car, yet it 
does not respond read- 
ily to the throttle and 
is apt to overheat. 

While these symptoms 
denote a rundown con- 
dition of the mechan- 
ism, the trouble is 
often due to nothing 
more serious than ac- 
cumulations of carbon. 

The remedy is the re- 
moval of this mattim 
out of place. While 
the surest way of cleaning the inside of the motor thoroughly 
is to remove the cylinders, if these members are cast integrally 
with the head or of removing the head member if that is a 
separate casting, to expose all parts, tfiere are other methods that 
have been recommended that may be depended on to reduce the 
amount of carbon deposits. A number of carbon solvents of a 
secret composition have been offered which may be introduced into 
the cylinder through the spark plug openings or valve cap holes 



Fig. 105. — Sectional View of Upper Portion 
of Cylinder Showing Point Where Car- 
bon Deposits Accumulate. 
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that ai:%gSaid to soften the accumulation, and permit it to be blown 
through the exhaust when the engine is again started after 
the material is used. The writer believes that there is more or 
less ''fake'' about these compositions as chemical analysis of some 
has disclosed the composition, which on careful study of cause and 



rig. 106 . — Outlining Use of Scrapers in Beraoving Carbon Deposit from 
Combustion Chamber Interior. 


effect, does not seem to justify all the claims made for them by the 
enthusiastic advertising men responsible for their promotion. One 
widely advertised carbon remover of liquid form was found to be 
composed largely of acetone. Another was practically deodorized 
kerosene and denatured alcohol mixture. Another of granulated 
form was discovered to be practically common salt. There is no 
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question in the writer’s mind but that a solvent like acetone ^ould 
soften carbon deposit enough so it could be readily .removed by 
scraping. The method of using the solvent is to bring the piston 
in the cylinder to be cleaned up to the end of its compression 
stroke at which time both valves are closed and to pour in a definite 
quantity of the solvent through a valve cap or spark plug opening. 
This operation is outlined at Fig. 106, A. After the liquid has been 
allowed to soak thoroughly into the carbon deposits for periods 
varying from two to six hours it is drawn out of the cylinder by 
means of a syringe as shown at Fig. 106, B. llVlien the engine is 
started after all cylinders have been treated in turn the exhaust 
will be very smoky and filled with carbon particles, this indicating 
that considerable quantities of the carbon has been dissolved. This 
treatment is not always successful, as it would be more apt to re- 
move the soluble carbon, as is due from burnt lubricating oil, or 
rich mixture than it would be to act upon the earthy material that 
the chemical analysis shows, exists in the deposits. 

In certain forms of cylinders, especially those of the L, or T 
form, it is possible to introduce simple scrapers down through the 
valve chamber cap holes and through the spark plug hole if this^ 
component is placed in the cylinder in some position that com- 
municates directly to the interior of the cylinder or to the piston 
top. This method is particularly applicable to engines having 
valves on opposite sides, namely those employing cylinders of the 
T form. No claim can be made for originality or novelty of this 
process as it has been used for many years on large stationary en- 
gines. The first step is to dismantle the inlet and exhaust piping 
and remove the valve caps and valves, although if the deposit is not 
extremely hard or present in large quantities one can often ma- 
nipulate the scrapers in the valve cap openings without removing 
either the piping or the valves. Commencing with the first cylinder, 
the starting crank is turned till the piston is at the top of its stroke, 
then the scraper may be inserted, as indicated at Fig. 106, C, and 
the operation of removing the carbon started by drawing the tool 
toward the opening. As this is similar to a small hoe, the cutting 
edge will loosen some of the carbon and will draw it toward the 
opening. A swab is made of a piece of cloth or waste fastened at 
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the end of a wire and well soaked in kerosene to clean out the 
cylinder. When the engine is of a T-head type and the valves are 
removed it is possible to introduce a ball of waste at one part and 
push it clear through the cylinder and out of the other valve port, 
this bringing much loosened carbon out with it. 



Fig. 107. — How Oxygen May be Used to Bemovo Carbon by a Combus- 
tion Process. 


When available, an electric motor with a length of flexible shaft 
and a small circular cleaning brush having wire bristles can be 
used in the interior of the engine. The electric motor need not be 
over one-eighth horsepower running at 1,200 to 1,600 R. P. M., and 
the wire brush must, of course, be of such size that it can be easily 
inserted through the valve chamber cap. The flexible shaft permits 
one to reach nearly all parts of the cylinder interior without diffi- 
culty and the spreading out and flattening of the brush insures that 
considerable surface will be covered by that member. 
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While the carbon scrapers may be easily made by any mechanic, 
patented forms are available at small cost which have advantages 
worthy of consideration. The tool shown at Fig. 106, D, is known 
as VaiFs carbon scraper and was designed for rse in any T, or 
L, head motor by re- 
moving the valve caps 
and turning the motor 
over until the piston 
comes to the top cen- 
ter. The scraper is 
then inserted in a 
closed condition 
through either valve 
port and after it is 
inside the combustion 
chamber the expand- 
ing bar may be pulled 
back and the scraper 
blades will spread 
enough to conform to 
the size of the firing 
chamber. ]\roving the 
scraper vigorously 
back and forth and 
around the side wall 
for a few minutes 
loosens the carbon de- 
posit. When this lias 
been done all carbon should be scraped into the valve chamber 
with the closed scraper end and either spooned out with that mem- 
ber or blown out with compressed air. A soft cloth saturated with 
kerosene is then placed between the blades of the scraper, turning 
that member into a mop and if reinserted into the cylinder will 
remove any of the fine particles of carbon which might be left 
therein. The device is made of high grade spring steel with hard- 
ened cutting blades and has a considerable degree of flexibility. 
Still another form of flexible carbon scraper is shown at E, this 



Fig. 108. — Simple Oxygen Generator. 
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WBsisting of a flexible steel blade haviBg a sharp hoe shaped end 
which is inserted through the valve cap opening and used in the 
-manner indicated in the illustration. 

Use of Denatured Alcohol in Removing Carbon. — In a paper 
read before the National Gas Engine Association, Joseph A. 
Anglada described the use of denatured alcohol as a solvent for 
removing the carbon deposits from the combustion chamber of 
explosive motors. The trials were made with single cylinder 
horizontal engines but there is no reason to doubt that equally as 
, good results could be obtained in automobile power plants. The 
Operation is described as follows: 

Both of these engines were operated under a load applied by 
pressing a wooden lever against the fly wheel until the temperature 
of the jackets warmed to about one hundred and fifty degrees 
Fahrenheit. The engines were then stopped with the piston at 
the head end of the compression stroke. Both valves were closed. 
The compression space of each cylinder was then filled with Pyro 
denatured alcohol, which in the case of the International Harvester 
engine was left to soak for six hours and in the case of the J acobson 
engine, about three and one-half hours. It was found that the 
exhaust valve of the International Harvester engine did noMieat 
properly, because when the alcohol was first put in this engme it 
leaked past the exhaust valve. This leak, however, soon stopped, 
probably due to the alcohol washing away whatever foreign matter 
was lodged between the valve and its seat. 

At the end of these periods, both engines were cranked by 
hand for a few revolutions and then started in the usual way, on 
gasoline. The exhaust in both instances, when the engine w^as 
started, contained a large quantity of black smoke and upon open- 
ing the compressed relief cock of each engine ‘a bombardment of 
small incandescent particles of carbon was seen and felt on each 
firing stroke, showing that the alcohol had loosened the carbon 
deposits in these engines. In each case some of the alcohol leaked 
past the piston into the crank case, showing that the piston rings 
were not liquid tight. In this connection it is advisable to note that 
almost invariably lubricating oil will collect in the piston ring 
grooves where it becomes partially solidified in the form of a 
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gummy material of sufficient strength to prevent the proper opera- 
tion of the piston rings. The result is that the lubricating oil 
which is fed to the cylinder is called upon in a very large measure 
to assist the piston rings in making a gas-tight joint with the 
cylinder wall. When denatured alcohol is introduced into the 
cylinder in sufficient quantity, it will dissolve the gummy deposit 
and permit the piston rings to slide freely in tiieir grooves and 
thus fit themselves more perfectly to the cylinder v/alls. That 
this occurs has been proven by tests on a number of automobile 
motors which after treatment with denatured alcohol have shown 
an increase in power as well as in flexibility. 

Prom a very complete series of experiments conducted with 
automobile motors which had been in service for different lengthy 
periods of time, in addition to experiments conducted with a few 
marine and stationary motors, I have arrived at the following 
conclusions : 

(1) Denatured alcohol is an efficient decarbonizer for all types 
of gasoline engines. 

(2) It does not injuriously affect the surfaces of the metals 
with which it comes in contact. 

^8) Heat is not necessary when using denatured alcohol as a 
decarbonizer. 

(4) Heat accelerates the action of denatured alcohol when used 
as a decarbonizer. 

(5) Denatured alcohol when introduced in the combustion 
space of an automobile cylinder which is at the working tempera- 
ture of the engines will loosen the carbon deposits so as to permit 
the deposit to become separated from the walls of the combustion 
space and pass out of the cylinder with the exhaust gases wlmn 
the engine is run. 

(6) The best results from the use of denatured alcohol, a 
carbon remover, are obtained when the combustion space of a hot 
engine is entirely filled with liquid denatured alcohol and per- 
mitted to soak for a period of not less than six hours. 

(7) Denatured alcohol will act as a carbon remover when the 
engine is cold, provided the liquid denatured alcohol is in contact 
with the carbon covered surfaces. The action of denatured alcohol 
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imder these conditions is about half as rapid as when the engine 
is hot. 

(8) The action of denatured alcohol as a carbon remover when 
introduced in small quantities into the combustion space of a 
cold automobile engine is positive, but slow. 

(9) Wliere the fit between the piston rings and cylinder walls 
is imperfect, denatured alcohol will leak past the pistons into the 
crank case and cause the oil in the crank case to become unfit for 
use for lubricating the engine. However, when a sufficient amount 
of denatured alcohol has been added to this oil and circulated 
through the lubricating system of the motor for a very short time, 
in order to obviate the possibility of damaging the wearing sur- 
faces of the engine, denatured aleoliol acts as a cleansing agent, as 
evidenced by the unusual amount of foreign matter withdrawn 
with the denatured alcohol treated oil and the subsequent improved 
action of the engine. 

(10) Due to the cleansing action of denatured alcohol as noted 
in the preceding conclusions, an engine which has been in service 
for an extensive period will show a marked increase in operating 
efficiency when thoroughly treated with denatured alcohol. 

(11) It is advisable to introduce, in the matter noted in 
experiments, from two to four ounces of denatured alcohol (de- 
pending upon the size of the cylinders) into each cylinder of an 
engine, at intervals of about three days, in order to keep the 
cylinders freed from carbon deposits. 

Burning Out Carbon with Oxygen. — A process of recent de- 
velopment that gives very good results in removing carbon with- 
out disassembling the motor depends on the process of burning 
out that material by supplying oxygen to support the combustion 
and to make it energetic. A number of concerns are already 
otfering apparatus to accomplish this work, and in fact any 
garage using an autogenous welding outfit may use the oxygen 
tank and reducing valve in connection with a simple special torch 
for burning the carbon. Results hav<? demonstrated that there 
is little danger of damaging the motor parts, and that the cost 
of oxygen and labor is much lower than the old method of re- 
moving the cylinders and scraping the c%rbon out, as well as 
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being very much quicker than the alternative process of using 
carbon solvent. The only drawback to this system is that there 
is no absolute insurance that every particle of carbon will be 
removed, as small protruding particles may be left at points that 
the flame does not reach and cause pre-ignition and consequent 
pounding, even after the oxygen treatment. It is generally known 
that carbon will burn in the presence of oxygen, which supports 
combustion of all materials, and this process takps advantage of 
this fact and causes the gas to be injected into the combustion 
chamber over a flame obtained by a match or wa t taper. 

It is suggested by those favoring this process that the night 
before the oxygen is to be used that the engine be given a con- 
ventional kerosene treatment. A half tumbler full of this liquid 
or of denatured alcohol is to be poured into each cylinder and 
permitted to remain there over night. As a precaution against 
fire, the gasoline is shut off from the carburetor before the torch 
is inserted in the cylinder and the motor started so the gasoline 
in the pipe and carburetor float chamber will be consumed. Work 
is done on one cylinder at a time. A note of caution was recently 
sounded by a prominent spark plug manufacturer recommending 
that the igniter member be removed from the cylinder in order 
not to injure it by the heat developed. The outfits on the market 
consist of a special torch having a trigger controlled valve and a 
length of flexible tubing such as shown at Fig. 107, A, and a 
regulating valve and oxygen tank as shown at B. The gauge 
should be made to register about twelve pounds pressure. 

The method of operation is very simple and is outlined at C. 
The burner tube is placed in the cylinder and the trigger valve is 
opened and the oxygen iiermitted to circulate in the combustion 
chamber. A lighted match or wax taper is dropped in the cham- 
ber and the injector tube is moved around as much as possible 
so as to cover a large area. The carbon takes fire and burns briskly 
in the presence of the oxygen. The combustion of the carbon is 
accompanied by sparks and sometimes by flame if the deposit is 
of an oily nature. Once the carbon begins to burn the combustion 
continues without interruption as long as the oxygen flows into 
the cylinder. Pull instructions accompany each outfit and the 
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of pressure for which the regulator should be set depends 
upon the design of the torch and the amount of oxygen contained 
in the storage tank. 

How Oxygen Is Produced. — While the best results are ob- 
tained by the use of the proper burner and compressed oxygen 
tank, it is possible to generate oxygen by very simple mechanism, 
and for the ingenious repairman to extemporize a burner that will 
give fairly good results in removing the carbon. The simplest 
method of producing oxygen is by heating a mixture of potassium 
chlorate and manganese dioxide. Although oxygen may be pro- 
duced by heating potassium chlorate alone, the combination of 
the manganese dioxide acts as a stimulating agent w^hich not only 
gives out oxygen, but which assists in breaking up the chlorate so 
that more of the gas will be evolved. At Fig. 108, A, an ex- 
tremely simple oxygen generator that can be made by any repair- 
man is outlined. The basis of the device consists of a 5 or 6-inch 
length of seamless iron pipe, one and one-half or two inches in 
diameter. The pipe is threaded at each end and standard pipe 
caps are fitted, one of these being drilled and tapped to receive 
a one-eighth inch brass pipe. This is bent in the form of an ell 
and a piece of flexible copper tubing is soldered into the ei^, of 
the pipe. In order to operate this generator the unperforated 
cap is unscrewed and a mixture composed of two ouncejs of potas- 
sii^im chlorate and one tablespoonful of manganese dioxiije is placed 
in the pipe. The cap is screwed back in position and the flame 
of a blow torch is used to heat the bottom of the iron pipe. In a 
short period oxygen gas will issue from the end of the copper tube 
joined to the generator by rubber hose, which should be placed 
inside of the combustion chamber against the carbonized area. 
A lighted match or taper thrown into the cylinder will start com- 
bustion of the carbon. 

One of the latest forms of oxygen generator is shown at Pig. 
108, B. The feature is that the oxygen is evolved by heating a 
special cartridge by an alcohol burner. The oxygen gas passes 
through a purifier which is provided with a safety valve to prevent 
accumulation of excess pressure. The purifier is connected wdth 
the oxygen generating chamber by a one-way check valve which 
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permits the gas to flow into the purifier, but not from that member 
into the generating chamber. The cartridges or charges weigh 
six pounds and sell for one dollar apiece, A cupful of water is 
placed on top of the cartridge to prevent the solder on that mem- 
ber from melting. When the flame plays on the bottom of the 
cartridge, which also acts as a generating chamber, the oxygen 
issues from the hole in the center into the purifying chamber. 

Repairing Scored Cylinders. — If the engine hns been run at 
any time without adequate lubrication, one or more of the cylin- 
ders may be found to have vertical scratches running up and down 
the cylinder walls. The depth of these will vary according to the 
amount of time the cylinder was without lubrication, and if the 
grooves are Very deep the only remedy is to purchase a new 
member. Of course, if sufficient stock is available in the cylinder 
walls, the cylinders may be rebored and new pistons which are 
oversize, i.e., larger than standard, may be fitted. Where the 
scratches are not deep they may be ground out with a high speed 
emery wheel or lapped out if that type of machine is not available. 
Wrist pins have been known to come loose, especially when these 
are retained by set screws that are not properly locked, and as 
wrist pins are usually of hardened steel it will be evident that 
the sharp edge of that member can act as a cutting tool and make 
a pronounced groove in the cylinder. Cylinders that have been 
damaged in this manner have sometimes been repaired by the 
autogenous welding process, the oxy-acetylene flame being used 
to fuse new cast iron into the groove, then grinding out the ridge 
of excess material in order to obtain a smooth bore. Cylinder 
grinding is a job that requires skilled mechanics, but may be 
accomplished on any lathe fitted with an internal grinding attach- 
ment. 

When a car that has been used for a considerable length of 
time is overhauled it may be found that the cylinder bore will 
have worn enough so reboring will be necessary. The wear is 
commonly found about midway the length of the cylinder wails^ 
as it is at this point that the connecting rod side thrust is greatest 
due to the angularity of that member. In order to remedy this 
defective condition some repairmen are content with merely fit- 
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Fig. 109. — Appliances for Measuring Cylinder Bore to Determine Amount 

of Wear. 


ting new piston rings of slightly larger circumference, but this 
plan is not wholly satisfactory, because if the rings are of suffi- 
ciently small diameter to enter the unworn portion of the bore, 
when they spring out into the worn part there must exist too 
wide a gap at the slots. For this reason most mechanics prefer 
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to fit either a new cylinder and piston or to rebore the cylinder 
and fit a larger piston with correspondingly larger rings. 

If the car is an old one and it is not considered wise to spend 
the money necessary to restore the cylinder bore to correct shape, 
one can get considerably more service by a simple expedient of 
making new piston rings with long stepped ends. In this case 
they will pass the smaller portions of the bore and expand suffi- 
ciently to fill the worn parts. As there is no gap between the ends, 
even w^hen fully expanded, there wall be but little loss of com- 
pression, such as might be possible wuth either bhtt joint or diag- 
onal cut rings under the same conditions. One precaution is 
essential, however, and that is to insure that the grooves are of 
sufficient width to take step cut rings having substantial steps. 
If the piston rings are narrow, the ends are apt to snap off at the 
steps. If the grooves are turned out to a greater wudth, new piston 
rings must be made to fit. The compression is much improved and 
powder is increased as the rings wuth the long stepped joint will 
follow the w^orn bore, constricting as the bore is smaller and filling 
out as the wear increases. 

It IS not difficult to measure the bore to find out if the w’alls are 
worn. Different calipers have been devised for this purpose, some 
of which are illustrated at Fig. 109. These are usually constructed 
on the multiplying gauge principle so that the slightest inaccuracy 
will be magnified at the dial. In the device shown at A, a fixed 
block, A, carries a standard on wdiich is fulcrumed the indicating 
needle, D. This indicating needle is in contact below the fulcrum 
with a plunger pin attached to the movable block D, which is 
normally kept pressed out by the coil spring C. If any irregu- 
larities are present the block B indicates them by its movement, 
which is translated to the short arm of the indicating lever D, 
which is fulcrumed at E. Another form of indicator working on 
practically the same principle except that the indicating lever E 
is actuated by the plungers DD, is shown at B. The use of the 
Ames Dial Indicator, carried by a special fixture for use in de- 
termining the truth of bore of automobile cylinders, is so clearly 
shown at Pig. 109 that it will not be necessary to mention the 
principle of operation any further than to state that the internal 
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Hiechanism of the indicator is such that the needle will indicate 
variations of less than .001 inch. 

Where the grooves in the cylinder are not deep or where it has 
warped enough so the rings do not bear equally at all parts of 
the cylinder bore, it is possible to obtain a fairly accurate degree 
of finish by a lapping process in wliich an old piston is coated 
with a mixture of fine emery and oil and is reciprocated up and 
down in the cylinder as well as turned at the same time. This 
may be easily done by using a dummy connecting rod having only 
a wrist pin end boss, and of such size at the other end so that 
it can be lield in the chuck of a drill press. The cylinder casting 
is firmly clamped on the drill jiress table ])y suitable clamping 
blocks, and a wooden block is placed in the combustion chamber 
to provide a stop for the piston at its lower extreme position. 
The back gears are put in and the drill chuck is revolved slowly. 
All tlie wlijle that the piston is turning the drill chuck should 
be raised up and down by tlie hand feed lever, as the best results 
are obtained when the lapping member is given a combination of 
rotary and reciprocating motion. 

Even if power is not available, the repairman need not be dis- 
couraged, because very good results may be obtained by hand 
lapping. Tlie same method is us(‘d as for lapping by powder. The 
abrasive material is composed of very fine emery and light ma- 
chine oil, and is renewed from time to time and the cylinder cleaned 
out to remove the old lapping compound before any new mixture 
is introduced. A cylinder may be easily supported m a box of 
sand, as indicated, the compression relief petcock in the top of 
the cylinder being provided with a piece of rubber hose which 
projects above the surface of the same, and which acts as a brt‘atlier 
opening for escape of the air compressed by the downward stroke 
of the lap. 

Where the cylinders are cast in block, as is now common prac- 
tice on nearly all automobiles of recent development, it is not 
difficult to hold the cylinder block, as this is of sufficient size and 
weight to stand upright on the bench without clamping it down. 
While the writer has used this method in repair work over ten 
years ago, he wishes to acknowledge his indebtedness to Motor Age 
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for the clear illustrations used. The process of lapping m con- 
tinued until the entire interior of the cylinder is bright and clean 
and the scratches practically removed. All abrasive material is 
then washed out of the cylinder with gasoline and the walls wiped 
dry with a soft cloth. 

How to Repair Cracked Water Jacket. — The water jacket of 
a gas engine cylinder will sometimes become cracked due to freez- 



Fig. 110. — Outlining Use of Dummy Piston and Connecting Bod for 
Lapping Out Fine Scratches in Cylinder Bore. 


ing of the cooling water, or perhaps as a result of a sand or blow 
hole which opens up from vibration after the cylinder has been 
used awhile. At the present time the usual practice in repairing 
cylinders is to fill the depression or crack with iron by the autoge- 
nous welding process, although various iron cements may be used 
for that purpose if the fracture is not serious. A mechanical 
repair is always possible, i.e., a metal patch can be applied to 
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Fig. 111. — ^Method of Using Pipe Plug for Sealing Fine Cracks or Sand 
Holes in Cylinder Water Jacket. 

cover the crack and held in place against a gasket interposed be- 
tween the plate and the cylinder jacket by small machine screws 
tapped into the iron. Where only a small blow hole exists or a 
small crack the mechanical method shown at Fig. Ill is possible. 
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This consists of drilling a hole of suflScient size to take a standaM 
pipe plug either ^ inch or iuch, according to the ^ize of the 
hole as shown at A, A pipe plug is screwed into the tapped 
as shown at D, and when it has been forced in place after coat- 
ing the threads with red lead and oil or pipe joint compound to 
insure a tight joint, the projecting portion of the plug may be 
cut off with a hacksaw as outlined at Pig. Ill, C, and the remain- 
ing portion of the plug filed flush with the outsid3 of the water 
jacket. 

If the crack is of some length it may be repaired by the fol- 
lowing method. On the line of the fracture, drill and tap for a 
J^-inch threaded copper rod. This rod is screwed in firmly to a 
depth about equal to the thickness of the metal of the water jacket. 
Cut off the copper rod with a hacksaw, allowing it to project about 
y^2 luch ; then drill succeeding holes, each hole being drilled partly 
into the previously inserted copper plug, so that when all of the 
plugs are placed in the cylinder casting, they form a continuous 
band of copper along the line of the fracture. The copper plugs 
should now be peened down and trimmed off flush. The only 
possible chance for leakage, after having repaired the crack in 
this manner, is for the water to follow the joint between the metal 
of the jacket and the copper plugs, but as the copper rods are 
threaded into the casting, it is not likely to occur. Should leakage 
take place, a little extra peening will suffice to prevent it. 

Still another method involves fusing copper filings or granu- 
lated brass spelter into the crack. This has the advantage of not 
requiring the removal of the part to be repaired. Drill and tap a 
small hole at each end of the crack to prevent further extension 
of the weakness, and screw in an iron stud. Next clean the out- 
side and inside of the fracture very thoroughly, using a scraper 
and gasoline. File up some soft copper or brass spelter, and fill 
the crack, heaping the filings over it. Then take a powerful blow 
lamp or a torch and direct the flame on the copper. By this 
method a fair amount of metal can be worked into the opening. 
After cooling, the studs are cut off flush and the copper filed 
smooth. It is said that the repair will endure indefinitely. 

In many cases the crack may be closed by making a rust joint. 
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The first step is to drill a very small hole at each end of the crack 
to prevent it from spreading and to drive in or screw in a metal 
plttg in each hole. The crack is then filled up with a paste made 
of 66% fine 'ron filings or iron dust and 33% sal-ammoniac in the 
pulverized form, with just enough water to make a mixture of 
proper consistency to be forced into the crack easily. The action 
of the sal-ammoniac is to rapidly oxidize the fine iron filings, 
producing rust which joins the various iron particles together and 
effectively seals the opening w'hen it has properly hardened. As 
a number of prepared cements for use with cast iron may be 
purchased at low cost, it is often cheaper to buy the cement than 
to attempt to make it. 

A correspondent to Machinery describes still another cement 
of somewhat different composition than that used with success by 
the writer. This is composed as follows: pow^dered cast iron, 40 
parts; powdered sal-ammoniac, 1 part; powdered sulphur, part. 
These ingredients are thoroughly mixed together, and placed in an 
air-tight receptacle in a perfectly dry condition until w^anted. 
When a hole in a casting is to be filled, take wiiat ai)pears to be 
the required quantity of the mixed pow^der, moisten it with w’^ater, 
to the consistency of paste or putty, and fill the hole or depression, 
smoothing it up and allowing it to set. 

When very deep depressions are to be filled, add to the above 
mixture an equal w^eight of fresh 'Smlcanite'^ Portland cement be- 
fore dampening. After the water has been added, so that the 
mixture has the desired consistency, add non-volatile oil to the 
extent of 8 per cent, by weight of the dry mixture used, and w’ork 
the mass until the oil is fully emulsified ; then apply the paste, 
finishing with a facing of the original mixture containing no Port- 
land cement. This will produce a filler which will not shrink in 
setting. 

Another method sometimes employed is to clean out the interior 
of the water jacket thoroughly and put in a solution of sulphate 
of copper or blue stone, allowing this to leak through the crack if 
it will. Care is taken to remove any traces of grease that may re- 
main in the crack ; this may be washed out by a boiling hot solution 
of potash or soda. As the copper sulphate solution leaks out, it 
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deposits a thin copper film, and if the crack is such that it permits 
only a slow leak, the defective point will be sealed overnight with 
a deposit of pure copper. 

Inspecting Cylinder Head Packings. — On a number of over« 
head valve type motors having the valves carried in a removable 
cage gaskets are used to obtain a tight joint when the cage is 
screwed down. This packing frequently becomes soft, resulting 
in a leak around the valve. In multiple cylinder mc^^ors the gaskets 
that are used at the point where the intake manifold jo^ns the 
respective cylinders should be examined when the manifold is 
removed to make sure that these are in good condition. The gasket 
at the exhaust pipe should also be inspected. Tne packings for the 
inlet pipe may be of well shellacked cardboard, mobiline or other 
asbestos packing, or even sheet rubber, but those used on exhaust 
pipes should only be made of asbestos or copper-asbestos. A de- 
fective gasket on the inlet manifold will seriously attenuate the 
mixture going to all cylinders, while a defective packing under 
the exhaust manifold joints will have no effect upon the operation 
of the motor, the only result being a sharp hiss or whistling sound 
due to the leaky gas. 

Engines of the detachable head form have packings that are 
made of a sheet of asbestos sandwiched between very thin sheets 
of copper. "While these packings have the advantage of not depre- 
ciating rapidly, at the same time they may be packed dowm so 
solid and be so stiff that they will not allow the cylinder head to 
bed*: properly after they have been used for a time. As the pack- 
ings for the popular cars using them may be purchased at low 
cost, it is well for the repairman to always have a supply of these 
on hand to fit the various cars he may undertake to repair. Some 
cylinders, especially of the individual casting form, have a hole 
at the top which is used for holding the core during the easting. 
This hole is usually filled with a plug tightly screwed into it, and 
the orifice should be tightly sealed against internal pressure or 
water leakage. These plugs are sometimes made of bronze, and it 
is not unusual to find that they will leak slightly as they have 
become loose due to the difference in ratios of the expansion be- 
tween the iron used for the cylinder and the metal of which the 
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plug is composed. If the cylinder is of this pattern, this plug 
should be looked over carefully 

It sometimes happens that the retaining flange at the base of 
the cylinder may be cracked or a corner broken off. While the 
preferred method of repair is to weld it in place witli the oxy- 
acetylene torch, an emergency repair that will prove very satisfac- 
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tory may be made as indicated at m. 112, This involM-s the use 
of a bent metal strap to holcl tlie'j'teee in place as indicated. 
While this broken piece does riot assist ip retaining the cylinder 
in place on the crankcase, it sejrves the ii^ful purpose of keeping 
dirt and grit from entering tile cranlfift^f^" The strap .assists in 
holding the cylinder, however. ^ 

A number of cylinder designta, especially those in which four 
or more cylinders are cast in a Wock', }iav% a large plate at the 
side which is used to close the w^er jacket, this forming a cover 
for an opening which had been left to facilitate foundry work 
when the cylinder was east. Tliis plate is either of sheet brass 
or aluminum ; in some cases it may be an aluminum easting having 
a portion of the intake manifold east with it. Leakage is pre- 
vented by a packing interposed between the plate and the cylinder, 
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the plate being firmly secured to the water jacket by a number of 
closely spaced machine screws. This is a common method of con- 
struction and one often finds water leaks about the plate on in- 
spection. The packing used is a rubber and fabric composition of 
the form known by the trade name Rainbow ’’ steam packing. 
This may be easily cut to proper size and holes punched in with 
a belt punch to allow the screws to pass through. In some in- 
stances simply removing the plate and smearing the gasket with 
sliellac or r(‘(i lead and then replacing the plate, taking care to 
screw dovn all the screws tightly, will cure the leali. One ad- 
\antage of this plate is that it may be easily removed to permit 
the repairman to clean out the water jacket thoroughly of any 
accumulation of rust or s(‘diment which may have become de- 
liosited there and which will interfere widi proper cooling. On 
some forms of cylinders, ap}>lied copper water jackets are used, 
and a slight leak may be manifested at the lower joint. This may 
be stopped m most cases by just peening in the retention or 
clamping ring, soldering or by calking wdth lead. 

Valve Removal and Inspection. — One of the most important 
parts of the gasoline engine and one that requires frequent in- 
spection and refitting to keep in condition is the mushroom or 
poppet valve that controls the inlet and exhaust gas flow. In 
overhauling it is essential that these valves be removed from their 
seating^; and examined carefully for various defects which will be 
enumerated at proper time. The problem that concerns us now 
IS the best method of removing the valve. These are held against 
the seating in the cylinder by a coil spring which exerts its pres- 
sure on the cylinder casting at the upper end and against a suit- 
able collar held by a key at the lower end of the valve stem. In 
order to remove the valve it is necessary to first compress the 
spring by raising the collar and pulling the retaining key out of 
the valve stem. Many forms of valve spring lifters have been 
designed to permit ready removal of the valves. The most com- 
mon forms that have received application in practice are shown at 
Figs. 113 and 114. The form shown at Fig. 113, A, is composed 
of two levers hinged together in such a way that squeezing the 
handles together will spread the other ends instead of closing them 
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as is the case with pliers. One end of the tool is rested on a 
valve lift plunger, the other end bears against the valve spring 
collar, as indicated. When the handles are pressed together the 
valve spring collar is raised, this compressing the spring and per- 
mitting removal of the retaining bey. A ratchet lock is provided 
to keep the handles closed so that both hands may be used in 
lifting the key out of the valve stem, if necessary. The form 
outlined at B consists of a hinge or supporting member and a 
lever carrying a fork at one end to engage the valve spring collar. 
The fulcrum member is carried by an adjustable support into 
which it is threaded. The supporting piece may be moved up or 
down^n the fulcrum bolt, this adapting the tool for various forms 
and sizes of valves. The device outlined at C consists of a frame 
having a slotted bearing for the spring lifting bell crank supporting 
bolt, making it possible to move that member up or down to adapt 
the tool for different spaces between the valve spring collar and the 
valve operating push rod. The bell crank is lifted by a screw 
which makes it possible to compress the heaviest valve spring 
without trouble. 

One objection against either of the forms of valve spring lifters 
shown at A, B and C is that some means must be provided to 
prevent the valve head from coming off its seat. This is usually 
done by interposing a small block of wood between the valve head 
and the valve chamber cap or by holding the valve head ^gainst 
the seat with a screw-driver or other tool. The valve spring lifter 
shown at T> has the important advantage of keeping the valve 
head firmly pressed against the seat at the same time that the 
valve spring cap or collar is lifted. This consists of a cast forked 
lever of peculiar shape provided with notches to engage a jack 
chain. One end of the jack chain is attached to a hook which is 
intended to bear down against the valve head. Another form 
in which the hook principle is carried out is shown at E. This 
consists of a frame bar having a series of holes at its lower end 
designed to fit the fulcrum pin of the valve spring lifting lever. 

Another application of the screw form of valve spring lifter 
is shown at P, This consists of a main portion or frame bar 
having the upper end threaded to fit the T-handle screw while the 
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Fig. 113. — Application of Valve Spring Compressing Tool to Permit Bemoval of Valve Stem Keys. 
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lower end is in the form of a yoke to straddle the valve stem and 
lift the valve spring collar. This is a very efficient form and has 
the advantage of keeping the spring compressed as long as de- 
sired, permitting ready removal of the valve key, which is an 
advantage not possessed by the lever form in which one hand must 
be used at the lever end while the other is depended on to remove 
the key. With the valve spring lifter shown at A, C and P, both 
hands may be used for the work, as the devices wdll keep the 
spring compressed as long as desired. The construction is so 
clearly shown that any one of the valve spring lifters outlined 
may be readily duplicated by the repairman at slight expense. 

An ingenious method of keeping a valve spring compressed 
while the key is extracted from the stem is shown at Pig. 114, A. 
A piece of iron pipe is cut of such length that two pieces may be 
obtained by cutting the pipe longitudinally in half. The longest 
of these pieces is of such height as is necessary to raise the valve 
spring collar sufficiently high to free it entirely from the key. 
The other piece is shorter. In operation the valve lift plunger is 
raised by its cam as shown at A 1. This permits one to introduce 
the short piece of pipe between the crankcase and the valve spring 
collar. The camshaft is then rotated until the plunger returns to 
the lower end of its stroke again. A wide space then exists be- 
tween the end of the valve stem and the top of the plunger, A 
piece equal to the difference in height between the short pipe shown 
at A 1 and the long piece of pipe shown at A 3 is then inserted 
to fill this space between the valve stem and plunger. The cam- 
shaft is again rocked or turned sufficiently so the cam again raises 
the valve plunger. This brings the valve spring collar still higher 
and permits one to insert the long piece of pipe as at A 3. When 
the valve head is pushed down on its seat the key is readily ac- 
cessible, and may be easily removed with a small pair of pliers. 

The special valve spring lifter furnished for Ford repairmen 
has been previously outlined. The method of using it is shown 
at Fig. 114, B. The construction of a simple valve spring lifter 
that can be used on two valves at a time is shown at C. This con- 
sists of a forked casting adapted to bear on the valve plunger guide 
tops and carrying a steel stud at its center. The member designed 
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Pig. 114 — Valve Spring Lifting Tools of Varied Design. 


to engage the valve spring collar is also a casting of such form 
as indicated in the plan view at C. This has three slots making it 
possible to insert it easily between the valve spring collar and the 
pin passing through the valve stem. If one screws up on the lift- 
ing nut, it is apparent that the valve spring will be compressed 
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and the pins passing through the valve stem may be easily re- 
moved. This device is especially adapted for use on Ford motors. 
The Winsor valve spring lifter shown at D is a modification of the 
form shown at Fig. 113, E. The arm on which the supporting 
chain is hooked is carried by a bolt adapted to screw into the 
spark plug hole in tlie valve chamber cap. This carries a bolt 
through its center which may be screwed down to hold the valve 
head securely against the seat. Under these conditions it is not 
difficult to raise the valve spring collar with the lever provided 
for |be purpose and extract the spring retaining key or pm. A 
dot^l^ forked form of valve spring lifter known as the ^‘Uni- 
versal” is shown at Fig. 114, E. This works on tlie same principle 
as that shown at Fig. 113, A, a screw being used to spread the 
ends which are forked to fit around the valve stem and the valve 
lift plunger respectively. 

When the cylinder is of the valve in-the-head form, the method 
of valve removal will depend entirely upon the system of cylinder 
construction followed. In the Knox cylinder shown at Fig. 103 
it is possible to remove the head from the individual cylinder 
castings and the valve springs may be easily compressed by any 
suitable means when the cylinder head is placed on the work bench 
where it can be easily worked on. The usual method is to place 
the head on a soft cloth with the valves bearing against^ the 
bench. The valve springs may then be easily pushed down 'with 
a simple forked lever and the valve stem key removf^d to release 
the valve spring collar. In the Franklin engine, which is shown 
in part section at Fig. 315, it is not possible to remove the valves 
without taking the cylinder off the crank c£|se, because the valve 
seats are machined directly in the cylinder heald and the valve 
domes are cast integrally with the cylijader. This means that if 
the valves need grinding the cylinder must be removed from the 
engine base to provide access to the valve heads which are inside 
of that member, and which cannot be reached from the outside 
as is true of the L- or T-cylinder construction. 

The preferred method of carrying the valves when they are 
placed in the cylinder head is shown at Fig. 316, which is a part 
sectional view of the Buick 6-cylinder motor. The valves are car- 
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rig. U6.— Part Sectional View of the Franklin Six CyUnder Air Cooled Engine, Showing Unconventional 

Valve Installation. 
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ried in cages which are readily removed from the cylinder head 
by unscrewing the retention nut that keeps the valve cage tightly 
pressed against the seating at its lower end to obtain a gas-tight 
joint. The valve cages are easy to handle and it is a relatively 
simple operation to compress the valve spring and remove the pin 
which makes for easy removal of the valve. When this construc- 
tion is followed it is possible to grind in the valve by simply re- 
moving the cage assemblies from the cylinder. It is not necessary 
to disturb the cylinder in any way and does not call for discon- 
nection of intake or exhaust manifolds; the only things that need 
be removed are the valve operating tappets, which is work of but 
a few moments. 

The detachable head idea has been carried out in a distinctive 
manner on the Premier-Weidely motor, which is shovii in part 
section at A, Fig. 117. In this the valves seat directly into the 
cylinder head member which serves six cylinders. This construc- 
tion is made possible by casting the six cylinders in a block and 
using the type of cylinder head packing made popular by the 
Ford car. The valves are operated by an overhead camshaft which 
depresses the valve stems through the medium of a cam rider 
which relieves the valve stem of the side thrust winch w^oiild be 
present if the cam w^orked directly against the end of the valve 
stem. In order to remove the valve with this construction it is 
necessary to dismount the camshaft and cam riders wiiich are 
shown at B, in order to expose the valve spring collars as indi- 
cated at D. The entire cylinder head may be tilted up on the 
bench as shown at C, which gives ready access to the valves wiiicli 
are jirovided with a slotted boss making it possible to turn them 
with a screw-driver bit when grinding them to a correct seating. 
It is evident that the valves cannot be worked on without re- 
moving the cylinder head from the cylinder block casting. 

Reseating and Truing Valves. — Much has been said relative 
to valve grinding, and despite the mass of information given in 
the trade prints it is rather amusing to watch the average repair- 
man or the motorist who prides himself on maintaining his own 
car performing this essential operation. The common mistakes 
are attempting to seat a badly grooved or pitted valve head on an 
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S'ig. 116. — ^Part Sectional View of Six Cylinder Buick Motor, Showing Method of Valve Mounting in Baaily 

Bemovable Valve Cages. 
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equally bad seat, which is an almost hopeless job, and of using 
coarse emery and bearing down with all one^s weight on the 
grinding tool with the hope of quickly wearing away the rough 
surfaces* The use of improper abrasive material is a fertile cause 
of failure to obtain a satisfactory seating. Valve grinding is not 
a difiScult operation if certain precautions are taken before under- 
taking the work. The most important of these is to ascertain 



Fig. 117 — Sectional View Showing Construction of Fremier-Weidely 
Overhead Valve, Detachable Cylinder Heaa Motor. 


if the valve head or seat is badly scored or pitted. If such is found 
to be the cause no ordinary amount of grinding will serve to 
restore the surfaces. In this event the best thing to do is to 
remove the valve from its seating and to smooth down both the 
valve head and the seat in the cylinder before attempt is made 
to fit them together by grinding. Another important precaution 
is to make sure that the valve stem is straight, and that the head 
is not warped out of shape or loose on the stem when the valve 
is a two-piece member. 

A number of simple tools is available at the present time for 
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reseating valves, these being outlined at Fig. 118, That shown at 
A is a simple fixture for facing off the valve head. ^ The stem is, 
supported by suitable bearings carried by the body or shank of the 
tool, and the head is turned against an angularly disposed cutter 
which is set for the proper valve seat angle. The valve head is 
turned by a screw-driver, the amount of stock removed from the 
head depending upon the location of the adjusting screw. Care 
must be taken not to remove too much metal, only ^nt)ugh being 
taken off to remove the most of the roughness. Valves are made 
in two standard tapers, the angle being either 45 or 60 degrees. 
It is imperative that the cutter blade be set correctly in order that 
the bevel is not changed. A set of valve truing and valve-seat 
reaming cutters is shown at Fig. 118, B. This is adaptable to vari- 
ous size valve heads, as the cutter blade D may be moved to cor- 
respond to the size of the valve head being trued up. Tliese cutter 
blades are made of tool steel and have a bevel at each end, one 
at 45 degrees, the other at 60 degrees. The valve seat reamer shown 
at G will take any one of the heads shown at F. It will also take 
any one of the guide bars shown at H. The function of the guide 
bars is to fit the valve stem bearing in order to locate the reamer 
accurately and to insure that the valve seat is machined concentri- 
cally with its normal center. Another form of valve seat reamer 
and a special wrench used to turn it is shown at C. The valve 
head truer shown at Fig. 118, D, is intended to be placed in a vise 
and is adaptable to a variety of valve head sizes. The smaller 
valves merely fit deeper in the conical depression. The cutter 
blade is adjustable and the valve stem is supported by a simple 
self-centering bearing. In operation it is intended that the valve 
stem, which protrudes through the lower portion of the guide 
bearing, shall be turned by a drill press or bit stock while the 
valve head is set against the cutter by pressure of a pad carried 
at the end of a feed screw which is supported by a hinged bridge 
member. This can be swung out of place as indicated to permit 
placing the valve head against the cutter or removing it. 

As the sizes of valve heads and stems vary considerably a 
'^UniversaF' valve head truing tool must have some simple means 
of centering the valve stem in order to insure concentric machining 
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of the valve head. A valve head truer which employs an ingenious 
method of guiding the valve stem is shown at E. The 

device consists of a body portion B, provided an external 

thread at the top on which the cutter head, A, is screwed. A 
number of steel balls C, are carried in the grooves which majr, 
be altered in size by the ^adjustment nut F, which screws in the 
bottom of the body portion B. As the nut P is screwed in against 
the spacer member E, the V-grooves are reduceu m size and the 
steel balls C are pressed out in contact with the valve stem. As the 
circle or annulus is filled with balls in both upper and lower portions 
the stem may be readily turned because it is virtually supported 
by ball bearing guides. When a larger valve stem is to be sup- 
ported, the adjusting nut P, is screwed out which increases the 
size of the grooves and permits the balls C, to spread out and 
allow the larger stem to be inserted. 

In straightening a spindle, light shaft or valve stem that has 
accidentally become bent, hammering the piece straight is crude 
and unmechanical and usually results in bruising it. A better 
way to straighten a bent valve stem is shown in the illustrations 
at Fig. 119. The part to be straightened, in this case an exhaust 
valve, should first be lieated at the bent portion with a flame from 
a blow torch which is deflected against the portion to be raised 
to a high temperature by a simple band iron fixture to localize 
the flame. This is indicated at A, and the method of using it is 
shown at B. While the bend is still hot the valve stem is placed 
between the jaws of a strongly built vise as shovn at C. Cut or 
fileW-shape notches in three nuts or other pieces of metal, lay 
the bent piece between the jaw^s with one of the nuts under the 
bent portion and the other two spaced further apart as indicated. 
Apply steady pressure with the vise screw and the piece will 
spring back into shape. By moving the supporting blocks N from 
one portion of the valve stem to the other, always exerting pres- 
sure against the bent part or high spot with one of the nuts, 
it will be possible to straighten the stem by removing kinks 
at all points. While it is preferable to support the valve in lathe 
centers to determine when it is accurately straightened, if a lathe 
is not available a simple frame as shown at D, in which nails are 
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used ail centers in upright blocks of wood may be extemporized. 
The valve is swung around and the high portions are indicated 
with a piece pf chalk. ^ 

The use of a clamp to straighten the valve stem is shown at 
D-2, this being suggested for use where a vise is not available, 
A stiff metal piece is laid on top of the clamp screw and two sup- 
porting blocks are placed on it to keep the valve in place. A piece 
of soft sheet metal such as brass or copper is interposed between 



the fixed end of tlie clamp and the valve stem in order not to mar 
that member. The method of straightening a bent valve stem in 
order to permit the removal of that member when it is carried 
in a removable valve cage is shown at Fig. 119, E. If one at- 
tempts to press or drive the valve out when the stem sticks from 
being bent the valve stem guide is apt to be broken, because it 
is of cast iron which is a brittle material that will not stand shock 
stresses. 

In straightening the valve the vise jaws are provided with soft 
metal cap pieces and the cast iron valve stem guide is firmly 
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gripped between these members. When supported in this manner 
there is no danger of breaking off the boss and the stem may 
be straightened by blcjws from the hammer, taking care to interpose 
a block of hard wood or a piece of babbitt" metal between the 
valve stem and the hammer. When the valve, cage is placed in the 
vise care will be taken to have the bent portion of the ptem at the 
end of the hub and it will also be important to have the valve stem 
so inclined that the blows directed against it will be exerted along 
the longitudinal center line of the vise. The valve stems are 
often bent when a wrench used to remove the cages slips and 
strikes the valve stem. The repairman may consider the work 
sufficiently well done when the stem has been so straightened that 
the valve will fall out of the cage of its own weight. It is evident 
that the hammer blows must be carefully directed and that the 
force of these be gauged intelligently as it is better to do the 
straightening with a series of light blows than with a lesser 
number of heavy ones which may cause damage. 

Valve Grinding Processes. — Mention has been previously made 
of the importance of truing both valve head and seat before at- 
tempt is made to refit the parts by grinding. The appearance of 
a valve head when pitted or scored is indicated at Fig. 120, A, 
in order that the motorist or novice repairman can readily identify 
this defective condition. After smoothing the valve seat the next 
step is to find some way of turning the valve. Valve heads are 
usually provided with a screw driver slot passing through the 
boss at the top of the valve or with two drilled holes to* take a 
forked grinding tool. The method of arranging the valve head 
for the grinding tool and the types of grinding tools commonly 
used are also shown at Fig. 120, A. A combination grinding tool 
which may be used when either the two drilled holes or the slotted 
head form of valve is to be rotated is shown at Fig. 120, B. This 
consists of a special form of screw driver having an enlarged boss 
just above the blade, this boss serving to support a U-shape piece 
which can be securely held in operative position by the clamp 
screw or which can be turned out of the way if the screw driver 
blade is to be used. 

As it is desirable to turn the valve through a portion of a revo- 
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lution and back again rather than turning it always in the same 
direction, a number of special tools has been designed to make 
this oscillating motion possible without trouble. A simple valve 
grinding tool is shown at Fig. 120, C. This consists of a screw 
driver blade mounted in a handle in such a way that the end may 
turn freely in the handle. A pinion is securely fastened to the 
screw driver blade sliank, and is adapted to fit a rack provided with 
, wood handle and guided by a bent bearing member securely 
^ fastened to the screw driver handle. As the rack is pushed back 
and forth the pinion must be turned first in one direction and then 
in the other. 

A valve grinding tool patterned largely after a breast drill 
is shown at Fig. 120, D. This is worked in such a manner that a 
continuous rotation of the operating crank will result in an oscil- 
lating movement of the chuck carrying the screw driver blade. 
The bevel pinions which are used to turn the chuck are normally 
free unless clutched to the chuck stem by the sliding sleeve which 
must turn with the chuck stem and which carries clutching mem- 
bers at each end to engage similar members on the bevel pinions 
and lock these to the chuck stem, one at a time. The bevel gear 
l^arries a cam piece which moves the clutch sleeve back and forth 
as it revolves. This means that the pinion giving forward motion 
of the chuck is clutched to the chuck spindle for a portion of a 
revolution of the gear and clutch sleeve is moved back by the cam 
and clutched to the pinion giving a reverse motion of the chuck 
during the remainder of the main drive gear revolution. 

A method that can be used for smoothing the surface of a 
valve head when the usual form of valve head truer is not avail- 
able is indicated at Fig. 120, E. The valve heads are usually 
provided with a small depression in the center known as a counter- 
sink which is designed to act as a support for the valve when 
it is being machined from the forging. The stem of the valve is 
caught in the chuck of a bit stock and rested on any sharp point 
on a wall or bench. This can be easily made by driving a large 
wire nail in the bench from underneath so that the point projects 
through the bench. The bit stock is briskly turned by a helper 
and the rough spots are removed from the seat with a fine file, care 
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Fig. 120. — ^Fflyms of Valve Grinding ^Tools. 




1246 Automobile Repairing Made Ec^y 

being taken not to change the taper of the valve head. The valve 
iSrtem could be turned much faster and a superior finish obtained if a 
breast drill were used instead of a bit stock, though with care a 
very creditable job may be done with the latter. 

One of the things to watch for in valve grinding is clearly 
indicated at Fig. 120, P. It sometimes happens that the adjusting 

screw on the valve lift 
plunger or the valve 
lift plunger itself does 
not permit the valve 
head to rest against 
the seat. Wliile the 
condition is exagger- 
ated in the sketch it 
will be apparent that 
unless a definite space 
exists between the end 
of the valve stem and 
the valve lift plunger 
that grinding will be 
of little avail because 
the valve head will not 
hear properly against 
the abrasive material 
smeared on the valve 
seat. 

The usual methods 
of valve grinding are 
clearly outlined at 
Fig. J22. The view at 
the left shows the 
method of turning the 
valve by an ordinary screw driver and also shows a valve head at 
A, having both the drilled holes and the screw driver slot for turn- 
ing the member and two special forms of fork-end valve grinding 
tools. In the sectional view shown at the right, the use of the light 
spring between the valve head and the bottom of the valve chamber 



Fig. 121. — A Nail or Piece of Wire Only 
Tool Necessary for Grinding Bulck 
Valves to Correct Seating in Cage. 
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to lift the valve head from the seat whenever pressure on the grind- 
ing tool is released is clearly indicated. It will he noted also 
that a ball of waste or cloth is interposed in the passage between the 
valve chamber and the cylinder interior to prevent the abrasive 
material from passing into the cylinder from the valve chamber. 
When a bitstock is used, instead of being given a true rotary 



Fig. 122. — Showing Practical Methods of Valve Grinding. At Left, with 
Ordinary Screw Driver; at Right, with Screw Driver Bit and Bitstock. 


motion the chuck is merely oscillated through the greater part 
of the circle and back again. It is necessary to lift the valve 
from its seat frequently as the grinding operation continues, tliis 
IS to provide an even distribution of the abrasive material placed 
between the valve head and its seat. Only sufficient pressure is 
given to the bitstock to overcome the uplift of the spring and to 
insure that the valve will be held against the seat. Where the spring 
is not used it is possible to raise the valve from time to time with 
the hand which is placed under the valve stem to raise it as the 
grinding is carried on. It is not always possible to lift the valve 
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in this manner when tiie cylinders are in place on the engine base 
owing to the space between tiie valve lift plunger and the end of 
the valve stem. In this event the use of the spring as shown 
in sectional view will be desirable. 

The abrasive generally used is a paste made of medium or fine 
emery and lard, oil or kerosene. This is used until the surfaces 
are comparatively smooth, after which the final polisli or finish is 
given with a paste of flour emery, grindstone dust, crocus, or ground 
glass and oil. An erroneous impression prevails in some quarters 
that the valve head surface and the seating must have a mirror-like 
polish. While this is not necessary it is essential that the seat 
in the cylinder and the bevel surface of the head be smooth and free 
from pits or scratches at the completion of the operation. All 
traces of the emery and oil should be thoroughly washed out of the 
valve chamber with gasoline before the valve meclianism is as- 
sembled and in fact it is advisable to remove the old grinding com- 
pound at regular intervals, wasli the seat thoroughly and supply 
fresh material as the process is in progress. The truth of seatings 
may be tested by taking some Prussian blue pigment and spread- 
ing a thill film of it over the valve seat. The valve is dropped in 
place and is given about one-eighth turn with a little pressure on 
the tool. If the seating is good both valve head and seat will be cov- 
ered uniformly with color. If high spots exist, the heavy deposit 
of color will show these while the low spots will be made evident 
because of the lack of pigment. The grinding process should be 
continued until the test shows an even bearing of the valve head 
at all points of the cylinder seating. When the valves are held 
in cages it is possible to catch the cage in a vise and to turn the 
valve in any of the ways indicated. It is much easier to clean 
off the emery and oil and there is absolutely no danger of getting 
the abrasive material in the cylinder if the construction is such 
that the valve cage or cylinder head member carrying the valve 
can be removed from the cylinder. When valves are held in cages, 
the tightness of the seat may be tested by partially filling the cage 
with gasoline and noticing how much liquid oozes out around the 
valve head. The degree of moisture present indicates the eflScacy of 
the grinding process. 
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Depreciation in Valve Operating Systems. — There are a num- 
ber of points to be watched in the valve operating system because 
valve timing may be seriously interfered with if there is much 
lost motion at the various bearing points in the valve lift mechan- 
ism. The tw^o conventional methods of opening valves are shown 
at Fig. 123. That at A, is the type employed when the valve 
cages are mounted directly in the head, w^hile the form at B, is 
the system used wdien the valves are located in a jiocket or ex- 
tension of the cylinder easting as is the case if an L, or T-head 
cylinder is used. It wdll be evident that there are several points 
wdiere depreciation may take place The simplest form is that 
shown at B, and even on this there are five ]3oints where lost mo- 
tion may be noted. Tlie periphery of the valve opening cam or 
roller may be worn though this is not likely unless the roller 
or cam has been inadvertently left soft. The pin w^hich acts as 
a bearing for the roller may become w’orn, tliis occurring quite 
often. Looseness may materialize between the bearing surfaces 
of the valve lift plunger and the plunger guide casting and there 
may also be excessive clearance between the top of the plunger 
and the valve stem. 

On the form shovn at A, there are several parts added to those 
indicated at B, A w^alking beam or rocker lever is necessary to 
transform the upward motion of the ta])pet rod to a downward 
motion of the valve stem. The pin on whicli this member fulcrums 
may w^ar as wdll also the other pin acting as a lunge or bearing 
for the yoke end of the tappet rod. It will be apparent that if 
slight play existed at each of the points mentioned it might result 
in a serious diminution of valve opening. Suppose, for example, 
that there w^ere .005-inch lost motion at each of three bearing points, 
the total lost motion w^ould be .015-inch or sufficient to produce 
noisy action of the valve mechanism. When valve plungers of 
the adjustable form, such as shown at B, are used, the hardened 
bolt head in contact with the end of the valve stem may become 
hollow^ed out on account of the hammering action at that point. 
It is imperative that the top of this member be ground off true 
and the clearance between the valve stem and plunger properly ad- 
justed. If the plunger is a non-adjustable type it wdll be necessary 
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Fig. 123. ^Points in the Valve Operating Mechanism That Demand Attention. 
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to lengthen the valve stem by some means in order to reduce 
the excessive clearance. The only remedy for wear at the various 
hinges and bearing pins is to bore the holes '^ont slightly larger 
and to fit new hardened steel pins of larger diameter. Depreciation 
between the valve plunger guide and the \^alve plunger is usually 
remedied by fitting new plunger guides in place of the^worn ones. 
If there is suflScient stock in the plunger guide casting as is 
always the case when these members are not separable from the 
cylinder casting, the guide may be bored out and bushed with a 
light bronze bushing. 

Another point where depreciation must b^ looked for is be- 
tween the valve stem and the valve stem guide in the cylinder. 
The methods of repairing this defect are clearly indicated at Fig. 
124. A common cause of irregular enguic operation is due to a 
sticking valve, which condition is clearly depicted at Fig. 123, C. 
This may be due to a bent valve stem, a weak or broken valve 
spring or an accumulation of burnt or gummed oil between the 
valve stem and the valve stem guide. In order to ])revent this the 
valve stem must be smoothed vith fine emery cloth and no burrs 
or shoulders allowed to remain on it, and the stem must also be 
straight and at right angles to the valve head. If the spring is 
w^eak it may be strengthened m some cases by stretching it out so 
that a larger space will exist between the coils. Obviously if a 
spring is broken the only remedy is replacement of the defective 
member. 

A number of engines of old patterns had cams keyed to the 
camshaft instead of formed integrally with it as is now^ common 
practice. After the engine had been used for a time, especially 
if the valve springs were stiff, the key w^as very apt to become 
loose in the cam which would result in a pronounced knock when 
the engine was in operation. The reason for this knock may be 
clearly understood by referring to illustration at Fig. 123, D. With 
the key slot worn, as the cam started to lift the plunger the pres* 
sure against the cam w^ould cause that member to come back 
against the key sharply and the hammering action would cause 
noise. Similarly when the cam left the plunger the looseness 
would again be evidenced and another knock would result. Where 
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this form of fastening is used the only remedy for worn keyway 
in the cam is to use wider keys in the camshaft by providing new 
keyways in that member. AVliile it is possible to cure the trouble 
by using a tw^o diameter key, this is not considered good practice 
owdng to difficulties in properly fitting such a member. 

Mention has been made of w'ear in the valve stem guide and 
its influence on engine action. AVhen tliese members are an integral 
part of the cylinder the onh^ method of compensating for this 
wear is to drill the guide out and fit a busliing, which may be 
made of steel tube. In order to insure that the hole wull be bored 
out true a simple jig is extemporized from one of the valve chamber 
caps as indicated. The cap used is tlie member carrying tlie 
spark plug and the opening left for this member is filled wuth a 
threaded bushing carrying a plain hardened steel bushing intended 
for the drill guide. As it is not ahvays possible to procure steel 
tubing of the proper size it may be necessary to drill out or ream 
out the bore of the tulie to fit the valve stem after the bushing 
is driven in place. 

In most engines, especially those of recent development, the 
valve stem guide is driven into the cylinder casting and is a 
separate member wiiicli may lie removed w^hen w^orn and replaced 
with a new* one. When tlie guides become enlarged to such a point 
that considerable play exists betw^een them and the valve stems, they 
may be easily knocked out l>y using a drift ])in of the proper size 
and a hammer or forced out under an arbor ])ress. This is not 
a difficult thing to do, as one need not be afraid of injuring a 
member which is no longer of any use. Care must be taken, how- 
ever, ill placing the new^ valve stem guide because, while this might 
be hammered in place, it could not be done unless extreme care 
w^as exercised and there would always exist the possibility of 
injuring the guide. The approved method of installing a new 
valve stem guide is showm at Fig. 124, C. A cold rolled steel 
rod is threaded practically its entire length and is of sufficient 
diameter to just fit into the hole m the guide. A substantial piece 
of flat stock E, is placed over the valve chamber, this being at least 
one-quarter inch thick and one inch wide and of such length 
as to bridge the valve cap opening over and leave a liberal margin 
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at either side. The nut A, is screwed down on the rod B, until 
the nut C, at the lower end of the rod is bearing tightly against 
the valve stem guide G. The guide member is then forced into 
place by turning either or both of the nuts A, or C, until it 
is firmly seated. It is possible to use a long bolt instead of the 
rod B, if desired. When this system of valve guide construction 
IS followed, the work of replacing the worn members can be 



Fig. 124. — Practical Methods of Restoring Worn Valve Stem Guide 

Bushing. 


done by one without in(‘chanical experience just as veil as by the 
more exi>ert. 

The depreciation of the exposed valve stem guides may be 
reduced considerably by adopting the scheme for lubricating the 
valve stems shown at Fig. 124, E, used on Overland cars. This 
consists of cutting out the lower portion of the valve stem guide 
to take a beveled felt washer which is kept firmly pressed against 
the seating by a cupped steel w^asher maintained in contact against 
the felt by a coil spring extending down to the valve spring collar 
and fitting the valve stem fairly close. The shape of the cupped 




Automobile Repairing Made Easy 

washer makes it possible to fill that member with oil which is 
absorbed by the felt and distributed against the valve stem as it 
reciprocates up and down. On practically all motors of recent 
design, provision is made for enclosing tlie valve stems and plungers 
in order to keep out dirt and grit and to retain lubricating oil 
splashed on the working surfaces from the crankcase interior 
or forced out through the valve operating plunger guides because 
of internal crankcase pressure. 

Piston Troubles. — If an engine has been entirely dismantled it 
is very easy to examine the pistons for deterioration. The relation 
of the piston, connecting rod and crankshaft of a typical power 
plant is clearly outlined at Fig. 125 and below the assembled group 
both the connecting rod and piston are shown dismantled. While 
it IS important that the piston be a good fit in the cylinder it is 
mainly upon the piston rings that compression depends. The piston 
should fit the cylinder with but little looseness, the usual practice 
being to have the piston about .001-inch smaller than the bore 
for each inch of piston diameter at the point where the least 
heat is present or at the bottom of the piston. It is necessary to 
allow more than this at the top of the piston owing to its expan- 
sion due to the direct heat of the explosion. The clearance is 
usually graduated and a piston that would be .005-inch smaller 
than the cylinder bore at the bottom w^ould be about .0065-inch 
at the middle and .0075-mch at the top. If much more play than 
this is evidenced the piston will '‘slap"' in the cylinder and the 
piston will be worn at the ends more than in the center. Pistons 
sometimes warp out of shape and are not truly cylindrical. This 
results in the high spots rubbing on the cylinder while the low 
spots will be blackened where a certain amount of gas has leaked by. 

Mention has been previously made of the necessity of reboring 
or regrinding a cylinder that has become scored or scratched and 
which allows the gas to leak by the piston rings. When the cylinder 
is ground out, it is necessary to use a larger piston to conform to 
the enlarged cylinder bore. Most manufacturers are prepared to 
furnish over-size pistons, there being four standard over-size di- 
mensions adopted by the S. A. E. for rebored cylinders. These 
are .010-inch, .020-inch, .030-inch, and .040-inch larger than the 
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regular dimension. Care should he taken in reboring the cylinders 
to adhere as closely as possible to one or the other o^ these stand- 
ards. 

If the engine construelion is such that side plates may be re- 
moved from the crank case and the cylinder head removed from 
the cylinders it is possible to remove a pjston for inspection with- 
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Fig. 125. — Typical Piston, Connecting Bod and Crankshaft Assembly. 

out taking down the entire motor. As will be noted at Fig. 126, 
when the side plate is removed from the engine base a large open- 
ing is left through which the connecting rod cap nuts may be 
easily reached with an ordinary S wrench. After the cap is re- 
moved from the connecting rod it is not difficult to push the con- 
necting rod and piston assembly out through the opening left at 
the top of the cylinder. 

All gas engine pistons are provided with two or more packing 
rings and it is these members that frequently need inspection, 
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rather than the piston itself. The common forms of piston rings 
used are outlined at Fig. 127. The different types shown are 
fitted to one piston, though the usual practice is to use rings of 
the same type in each group. The ring shown at Fig. 127, A, has 
a diagonal cut joint and has been widely applied. That depicted 
at B, has a lapped or step joint, and is superior to the form shown 
above it, inasmuch as it will retain gas in a more positive manner. 
The butt joint ring shown at C, is seldom used on automobile en> 





Fig. 126. — Showing how Connecting Bod Caps May be Beached Through 
Inspection Holes in the Side of the Crankcase. 

gines though it is sometimes apjilied to cheap statjomiry or marine 
types. The use of a number of light steel rings instead of one 
wide ring in the groove is found on a number of tlie 1915 auto- 
mobile power plants. It is contended that Avliere a number of 
light rings is employed a more flexible packing means is obtained 
and the possibility of leakage is reduced. Rings of this design are 
made of square section steel wire and are given a spring temper. 
Owing to the limited width the diagonal cut joint is generally em- 
ployed instead of the lap joint which is so popular on wuder rings. 
This construction is clearly outlined at Fig. 127, D. 

Leak Proof Piston Rings. — In order to reduce the compres- 
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sion los& and leakage of gas by the ordinary simple form of di- 
agonal or lap joint one-piece piston ring a number of compound 
rings have been devised and are offered to tlie lepairman to use 
in making replace- 
ments. The leading 
forms are shown at 
Fig. 128. That shown 
at A, is known as the 
^^Statite’’ and consists 
of three rings, one 
carried inside wlule 
tlie other two are car- 
ried on the outside. 

The ring shown at B, 
is a double ring and is 
known as tlie jMc* C ad- 
den. This is composed 
of t\^o thin concentric 
lap joint rings so dis- 
posed relative to each 
other that the opening 
in the inner ring 
comes opposite to the 
opening in the outer 
ring. The form showm 
at C is known as the “Leektit(‘/’ and is a single ring provided 
with a peculiar form of la}) and dove tail joint. The ring sho^vn 
at D, is knowm as the ‘‘DunhanC’ and is of the double concen- 
tric type being composed of two rings with lap joints which are 
welded together at a point opposite the joint so that there is no 
jiassage by which the gas can escape. The Burd high compres- 
sion ring is shown at E. The joints of these rings are sealed 
by means of an H shaped coupler of bronze which closes the 
opening. The ring ends are made wdth tongues which interlock 
with the coupling. The ring shown at F, is called the ‘‘Evertite” 
and is a three-piece ring composed of three members as shown in 
the sectional view below the ring. The main part or inner ring 



Fig. 127. — Forms of Piston Rings Commonly 
Used. 
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bag a circumferential channel in which the two outer rings lock, 
the resulting cross-section being rectangular just the same as that 
of a regular pattern ring. All three rings are diagonally split 
and the joints are spaced equally and the distances maintained by 
small pins. This results in each joint being sealed by the solid 
portion of the other rings. 

The piston rings should be taken out of the piston grooves and 
all carbon deposits removed from the inside of the ring and the 



Fig 128 . — ^Leak Proof and Other Compotind Piston Rings. 


bottom of the groove. It is important to take this deposit out be- 
cause it prevents the rings from performing their proper functions 
by reducing the ring elasticity, and if the deposit is allowed to 
accumulate it may eventually result in sticking and binding of 
the rfng, this producing excessive friction or loss of compression. 
When the rings are removed they should be tested to see if they 
retain their elasticity and it is also well to see that the small pins 
in some pistons which keep the rings from turning around so the 
joints will not come in line are still in place. If no pins are found 
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there IS bo ceuso for alarm because these dowels are not always 
used. When fitted, they are utilized with rings naving a butt joint 
or diagonal cut as the superior gas retaining qualities of the lap 
or step joint render the pins unnecessary. 

If gas has been blowing by the ring or if these members have 
not been fitting the cylinder properly the points where the gas 
passed will be e\ idenced by burnt, brown or roughened portions 



Fig. 129. — Processes Incidental to Piston Ring Restoration 


of the polished surface of the pistons and rings. The point where 
this discoloration will be noticed more often is at the thin end of 
an eccentric ring, the discoloration being present for about ^-inch 
or ^-inch each side of the slot. It may be possible that the rings 
were not true when first put in. This made it possible for the 
gas to leak by in small amounts initially which increased due to 
continued pressure until quite a large area for gas escape had 
been created. 

Eemoving Pistons Stuck in Combustion Chamber. — The re- 
moval and replacement of pistons and rings seldom offer any 
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trouble if the work is properly carried on, but if for any reason 
the piston should be pushed too far up into the cylinder on some 
types of engines the top ring will expand into the combustion cham- 
ber and will lock the pistons tightly in place. This is a difficult 
condition to overcome with some forms of cylinders though if the 
cylinder casting is of the L or T form it may be possible to com- 
press the rings sufficiently to remove the piston by simple means. 



Fig. 130. — Simple Method of Removing or Installing Piston Rings. 


The best method is shown at Pig. 129, A. A very thin strip of 
metal of approximately the same width as the piston rings is passed 
through one of the valve chamber openings and passed around the 
piston and pulled out through the other opening. It requires the 
services of two people and sometimes three to remove a piston stuck 
in this manner. The efforts of one are directed to keep the band 
taut under the ring and to exert an upward pull which forces that 
portion of the ring embraced by the metal band to fill the groove 
in the piston. Another person uses a pair of screw drivers, one 
through each valve chamber opening to compress the ring at the 
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points indicated in the drawing. This means that a three point 
compressional effect is obtained and it is a simple matter for the 
third person to draw the piston back into the cylinder when the 
ring has been properly compressed in its groove. It is not always 
possible to compress the ring so the only othei alternative is to 
break it m a number of pieces by hitting the brittle ring with a 
drift or chisel and then withdrawing the pieces one at a time until 



3.31. — Simple Clamp for Closing Piston Ring to Facilitate Insertion 
in Cylinders. 


the ring has been entirely removed. With the T-head cylinder it 
is sometimes possible to remove the ring without the use of the 
metal bands, as that member is compressed at diametrically op- 
posite points by a screw driver inserted through each valve cham- 
ber cap. 

Piston Ring Manipulation. — Removing piston rings is a dif- 
ficult operation if the proper means are not taken, but is a 
comparatively simple one when the trick is known. The tools 
required are very simple, being three strips of thin steel about 
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one«quarter inch wide and four or five inches long and a pair 
of spreading tongs made np of one-quarter inch diameter key- 
st&k tied in the center with a copper wire to form a hinge. The 
constructSbn is such that when the hand is closed and the handles 
brought together the other end of the expander spreads out, an 
action just opposite to that of the conventional pliers. The method 
of using the tongs and the metal strips is clearly indicated at 
Fig. 130. At A the ring expander is shown spreading the ends 
of the rings sufficiently to insert the pieces of sheet metal be- 
tween one of the rings and the piston. Grasp the ring as shown 
at B, pressing with the thumbs on the top of the piston and 
the ring will slide off easily, the thin metal strips acting as guide 
members to prevent the ring from catching in the other piston 
grooves. Usually no difficulty is experienced in removing the top 
or bottom rings, as these members may be easily expanded and 
wwked off directly without the use of a metal strip. When re- 
moving the intermediate rings, however, the metal strips will be 
found very useful. These are usually made by the repairman 
by grinding the teeth from old hacksaw blades and rounding the 
edges and corners in order to reduce the liability of cutting the 
fingers. By the use of the three metal strips a ring is removed 
without breaking or distorting it and practically no time li^on- 
sumed in the operation. ^ 

Fitting Piston Rings. — Before installing new rings, thty 'should 
be carefully fitted to the grooves to which they are app6^^ The 
tools required are a large piece of fine emery cloth^ a thin, flat a 
small vise with copper or leaden jaw clj^, and ^ smooth hard sur- 
face such as that afforded by the taj> a surface plate or a well 
planed piece of hard wood. After ^lt:^li^g sure that all deposits of 
burnt oil and carbon have been rei^fved from the piston grooves, 
three rings are selected, otie for eacb%roove. The ring is turned all 
around its circumference into the gripove it is to fit, which can be 
done without springing it over the piston as the outside edge of the 
ring may be used to test the width of the groove just as well as the 
inside edge. The ring should be a fair fit and while free to move 
circumferentially there should be no appreciable up and down 
motion. If the ring is a tight fit it should be laid edge down upon 
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the piece of* emery cloth which is placed on the surface plate and 
carefully rubbed down until it fits the groove it is to occupy. It 
is advisable to fit each piston ring individually" and to mark them 
in some way to insure that they will be placed in the groove to 
which they are fitted. 

The repairman next turns his attention to fitting the ring in 
the cylinder itself. The ring should be pushed into +he cylinder 
at least two inches up from the bottom and endeavor should be 
made to have the lower edge of the ring parallel with the bottom 
of the cylinder. If the ring is not of correct diameter, but is 
slightly larger than the cylinder bore, this condition will be evi- 
dent by the angular slots of the rings being out of line or by diffi- 
culty in inserting the ring if it is a lap joint form. If such is 
the case the ring is removed from the cylinder and placed in the 
vise between the soft metal jaw clips, as shown at Fig. 129, B. 
Sufficient metal is removed with a fine file from the edges of the 
ring at the slot until the edges come into line and a slight space 
exists between them when the ring is placed into the cylinder. It 
is important that this space be left between the ends, for if this 
is not done when the ring becomes heated the expansion of metal 
may cause the ends to abut and the ring to jam in the cylinder. 

Another method of fitting a piston ring is indicated at Pig. 
129, C. A plug is made of soft wood, such as yellow pine that will 
be an easy fit in the cylinder and one end is turned down enough 
so that a shoulder wdll be formed to back the ring. The turned 
<|pwh portion should be a little less than the wddth of the ring to 
be tested. The ring is pushed on this turned down end of the 
wooden plug and held by a small batten secured by a screw in the 
center. This does not hold the ring tightly enough to keep it 
from closing up. It is also important to turn the end of the woodenf 
plug small enough so that its diameter will be less than the bor^ 
of the ring when that member is tightly closed. The cylinder bore 
is smeared wdth a little Prussian blue pigment which is spread 
evenly over the cylinder wall with a piece of waste and the ring 
is moved back and forth in the cylinder while it is held square, 
by the shoulder on the plug. The high spots on the ring will be 
shown by color. Usually the ring will be found to bear hardest 
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at each side of the slot. These high spots are removed carefully 
■with a very fine mill file or piece of emery cloth and the ring is 
again inserted in the cylinder bore to find other high spots which 
are removed in a similar manner. When the rjngs fit fairly 
well all around, the entire surface will have a uniform coating 
of blue. 

If the old piston rings are bright all around but appear to 
have lost their elasticity, a new' lease of life may be given by a 
process known as peenmg which is showm at Fig. 129, D. The 
ring is stood on a surface plate and is tapjied inside with the peen 
end of a light hammer, using the harder blow's at the thick section 
and gradually reducing the force of the blow as tlie slot is ap- 
proached. If skillfully done a ring may be stretched to some ex- 
tent and considerable elasticity imparted. Piston rings are not 
always of the simple form show'n at Fig. 127. Various duplex 
constructions have been oifered with an idea of reducing the possi- 
bility of leakage. A ring of this type which is known as the ‘^Leak 
Proof’ piston packing is shown at Fig. 129, E. These duplex 
rings are harder to install than the simpler forms, and it is im- 
portant that they be carefully fitted to the cylinder and to the 
piston grooves. 

It is necessary to use more than ordinary caution in replacing 
the rings on the piston because they are usually made of cast Ifbn, 
a metal that is veiy fragile and liable to break because of its 
brittleness. Special care should be taken in replacing new rings as 
these members are more apt to break than old ones. This is prob- 
ably accounted for by the heating action on used rings which tends 
to anneal the metal as well as making it less springy. The bottom 
ring should be placed in position first w hich is easily accomplished 
by springing the ring open enough *|)ass on the piston and 
then sliding it into place in the lower groove which on some types 
of engines is below the wrist pin, whereas in others all grooves are 
above that member. The other members are put in by a reversal 
of the process ‘Outlined at Fig. 130. It is not always necessary 
to use the guiding strips of metal when replacing rings as it is 
often possible, by putting the rings on the piston a little askew 
and manoeuvering them to pass the grooves without springing the 
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ring into them. The top ring should be the last one placed in 
position. 

Before replacing pistons in the cylinder one should make sure 
that the slots in the piston rings are spaced equidistant on the 
piston and if pins are used to keep the ring f j )m turning one 
should be careful to make sure that these pins fit iiico their holes 
in the ring and that they are not under the rinr at any point. 
Practically all cylinders are chamfered at the lower end to make 
insertion of piston rings easier. The operation of putting on a 
cylinder casting over a piston really requires two pairs of hands, 
one to manipulate the cylinder, the other person to close the rings 
as they enter the cylinder. This may be done very easily by a 
simple clamp member made of sheet brass or iron and used to close 
the ring as indicated at Fig. 131, A. It is apparent that the clamp 
which is shown at D, must be adjusted to each individual ring and 
that the split portion of the clamp must coincide with the split 
portion of the ring. The cylinder should be well oiled before at- 
tempt is made to install the pistons. The engine should be run 
with more than the ordinary amount of lubricant for several days 
after new piston rings liave been inserted. On first starting the 
engine, one may be disappointed in that the compression is even 
less than that obtained with the old rings. This condition will 
sodu be remedied as the rings become pr^lished and adapt themselves 
to the contour of the cylinder. It will take fully 100 miles of road 
work t^Bbring the rings to a sufficiently good fit so that a marked 
improvident in the compression will be noticed. 

How. Wtist Pins Are Held. — While the repairman is working 
on the pistons there is one important member of the piston as- 
sembly that should receive attention and that is the pm on which 
the upper end of the connecting rod swings. These are held in 
place in a variety of ways, the most common of which are shown 
at Fig. 132. In some forms of pistons the piston pin is a tight fit 
in the bosses and it is necessary to force it out. The method of 
doing this is clearly outlined at Fig, 129, F. This calls for the 
use of a special clamp fitting having a hole at one side sufficiently 
large for the wrist pm to pass through and carrying a forcing 
screw at the other. The screM^ passes through a nut which is kept 
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^ from turning by bending the band around it. Any motion of the 
screw that will advance it into the nut will tend to force out the 
wrist pin without injuring that member. 

The means of locking the wrist pin in place that have been 
used are legion, but those depicted are the most common. That 



at A, involves the use of a set screw passing through one of the 
piston bosses and into the wrist pin as indicated. This method is 
not the preferred construction on account of the liability of the 
lock nut to become loose and the set screw to unscrew itself from 
vibration and drop into the engine base where it may do con- 
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sidet’able damage. When locking screws are employed^ the methods ^ 
of retention shown at B and C, are considered super^r. In the.;, 
former holes are drilled through the heads of tjiic Set^ screws and a 
piece of spring wire passed through them as indicated. Where a 
hollow wrist pin is used the end of the set serev^ maj?' be provided 
with a hole to receive a split pin. The method of keeping the 
wrist pin in place shown at D, involves the use pf a spring pressed 
plunger which is housed in a suitable boss oast on one side of the 
piston. In order to remove a wrist pin held by this method it is 
necessary to use a piece of stiff wire such as a bicycle spoke and to 
push the plunger back out of the wTist pin. The wrist pin is then 
moved slightly to one side so that the end of the plunger will rest 
on the wTist pm and the piece of stiff wire removed. It is then an 
easy matter to push tlie WTist pin out of the bosses. The method 
depicted at E, is self-explanatory, a retaining ring similar in con- 
struction to a piston ring, but somewhat wdder passing entirely 
arpund the piston in a suitable groove cut around the zone of the 
wrist pin bosses. The method outlined at F, received wide appli- 
cation on earlier engines, but is not much used at the present time. 
In this the hollow wrist pin w’as slotted at four points at each end, 
and was provided with a tapering thread into which a correspond- 
ingly formed plug was screwed to expand the wrist pin against 
the Jesses. In all of the forms outlined, the wrist pin is to be 
held Urom rotation while the connecting rod oscillates on it. In 
the shown at G, the wrist pin oscillates in the piston bosses 
and the connecting rod is tightly clamped to the w^rist pin by a 
suitable clamp bolt. To remove the wrist pin it is necessary to 
take out the clamp bolts which will permit the piston boss to 
spread enough to release its hold on the wrist pin. 

Wrist Pin Wear. — While wTist pins are usually made of very 
tough steel, case hardened wuth the object of wearing out an easily 
renewable bronze bushing in the upper end of the connecting rod 
rather than the wrist pm it sometimes happens that these members 
will be worn so that even the replacement of a new bushing in 
the connecting rod will not reduce the lost motion and attendant 
noise due to a loose wrist pin. The only remedy is to fit new wrist 
pins to the piston. Where the connecting rod is clamped to the 
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Tig. 133. — Showing Method of Supporting Crankcase to Provide Beady 
Access to Connecting Bods and Crankshaft Bearings. 


wrist pin and that member oscillates in the piston bosses the wear 
will usually be indicated on bronze bushings which are pressed into 
the piston bosses. These are easily renewed and after running a 
reamer through them of the proper size no difficulty should be 
experienced in replacing either the old or a new wrist pin depend- 
ing upon the condition of that member. 
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Inspection and Refitting* of Engine Bearings.— While the en- 
gine is dismantled one has an excellent opportunity to examine 
the various bearing points in the engine crankcase to ascertain 
if any looseness exists due to depreciation of the bearing surfaces. 
As will be evident from the views at Figs. 133 and 134, both main 
crankshaft bearings and the lower end of the connecting rods may 
be easily examined for deterioration. "With the rods in place as 
shown at Fig. 133, A, it is not difficult to feel the amount of lost 
motion by grasping the connecting rod firmly with the hand and 



rig. 134, — Top Half of Crankcase Showing Method of Crankshaft Reten- 
tion by Three Main Bearing Caps. 


moving it up and down. The appearance of the engine base after 
the connecting rods and flywheel have been removed from the 
crankshaft is shown at Fig, 134, while the appearance of the upper 
portion of the crankcase after the crankshaft is removed is clearly 
showm at Fig. 133, C. 

After the connecting rods have been removed and the flywheel 
taken off the crankshaft to permit of ready handling, any looseness 
in the main bearing may be detected by lifting up on either the 
front or rear end of the crankshaft and observing if there is any 
lost motion betw^een the shaft journal and the main bearing caps. 
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rig. 136.— Part Sectional View of the Winton Six Cylinder Engine, an Unconventional Design, Having tha 
Crank Case Divided on Vertical, Instead of Horizontal Center lines. 
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It is not necessary to take an enfin© entiwiy aprt to 

the main bearings as in some forms these MBy he T^dify KBeoBu 

by removing a large inspection plate either from the bottOOJ OF 
side of the engine crank case. In the Wintcn engine, wilcA k 
shown at Fig. 135, a distinctive method of crank case construction 
is used in which that member is divided vertical^ instead of hori- 
zontally as is the usual practice. One-half of the crank case may 
be removed, this leaving the crankshaft and connecting rods sup- 
ported by the other half. It is not necessary to remove the cylin- 
der casting to gain access to the crank case interior. This type of 
construction is rare, however, and is found only on the engine de- 
sign outlined. The symptoms of worn main bearings are not hard 
to identify. If an engine knocks when a vehicle is traveling over 
level roads regardless of speed or spark lever position and the 
trouble is not due to carbon deposits in the combustion chamber 
one may reasonably surmise that the main bearings have become 
loose or that lost motion may exist at the connecting rod big ends, 
and possibly at the wrist pins. The mam journals of any well 
designed engine are usually proportioned with ample surface and 
will not wear unduly unless lubrication has been neglected. The 
connecting rod bearings wear quicker than the main bearings ow- 
ing to being subjected to a greater unit stress and it may be neces- 
sary take these up several times in a season if the car is driven 
^ to any extent. Main bearings should run for ten thousand miles 
without attention in a properly built engine that has always been 
well oiled. Most connecting rod bearings will loosen up enough 
to be taken up in five thousand miles. 

Adjusting Main Bearings. — When the bearings are not worn 
enough to require refitting the lost motion can often be eliminated 
by removing one or more of the thin shims or liifers ordinarily 
used to separate the bearing caps from the seat. These are shown 
at Fig. 13^ A. Care must be taken that an even number of shims 
of the same thickness are removed from each side of the journal. 

If there is considerable lost motion after one or two shims have 
been removed, it will be advisable to take out more shims and to 
scrape the bearing to a fit before the bearing cap is tightened up. 

It may be necessary to clean up the crankshaft journals as these 
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rig. 136. — Processes and Tools Necessary for Bearing Restoration 


may be scored due to not having received clean oil or having had 
bearings seize upon them. It is not difficult to true up the crank 
pins or main journals if the score marks are not deep. A fine file 
and emery cloth may be used, or a lapping tool such as depicted 
at Fig. 136, B. The latter is preferable because the file and emery 
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cloth will only tend to smooth the surface while the lap will have 
the effect of restoring the crank to proper contour. 4 ^ 

A lapping tool may be easily made as shown at B, the blocks 
being of lead or hard wood. As the width of these are about half 
that of the crank pin the tool may be worked from side to side as ► 
it is rotated. Another form of lapping tool and the method of 
using it which is practically the same as that we are now describing 
is shown at Fig. 139. An abrasive paste composed of fine emery 
powder and oil is placed between the blocks, and the blocks are 
firmly clamped to the crank pin. While the approved method is 
to place the shaft between lathe centers as sh^wn at Pig. 141, and 
revolve it slowly, guiding the lapping tool with the hand as the ^ 
shaft revolves, the lathe is not always available. In that case the 
crankshaft may be clamped to the work bench as indicated at Pig. 
136, C, and the lapping tool turned by hand around the stationary 
crankshaft. It may not be necessary to remove the crankshaft 
from the engine base as a lapping tool may be used wnthout difiB- ; 
culty under the conditions shown at Fig. 139, C. As the lead 
blocks bend down, the wing nut should be tightened to insure 
that the abrasive will be held vith some degree of pressure against . 
the shaft. A liberal supply of new abrading material is placed 
between the lapping blocks and crankshaft from time to time and 
the old mixture cleaned off with gasoline. It is necessary to main- 
tain a side to side movement of the lapping tool in order to have 
jlhe process affect the whole width of the crank pin equally. The 
"'ilapping is continued until a smooth surface is obtained. 

If a crank pin is worn out of true to any extent the only method 
restoring it is to have it ground down to proper circular form 
a , competent mechanic having the necessary machine tools to,*, 
carry on the work accurately. In order to support a crankshaft 
in a lathe or grinding machine special forms of dogs may be used 
or special crankshaft supporting flanges may be made of cast 
An adjustable dog is sliown at Fig. 140, A. This has a movable 
center pad which can be moved up and down to provide for vary- ^ 
ing distances between the center line of the crank pin and the 
crankshaft when turning the crankpins. It is not diflScult to sup- 
port a crankshaft in a lathe when the work is to be done oix the 
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main jourriaL This can^ be easily accomplished by the,, use of 
regular pattern lathe dogs and back rest as shown at Fig. 141, A, 
Machining the crank throws is more difficult as the crankshaft 
must be revolved eccentrically or on the crank pin centers instead 
of the main journal centers. The use of the special supporting 
flanges shown at Pig. 140, B, is clearly outlined in the lower por- 
tion of Pig, 141. It is necessary to use counterweights in order to 
balance the weight overhanging the center and to insure smooth 
i?|^tion of the crank shaft. The journals may be machined either 
by putting on a very fine feed and using the conventional pattern 
of turning tools if the shaft is soft, or the journals may be ground 
if they are hard, if a grinding attachment is available. 

The manner in which the adjustable dog or special crankshaft 
supporting flange works can be easily understood by referring to 
the drawing at Pig. 140. The distance between the center of the 
crank pin and crankshaft main journals depends entirely upon the 
stroke of the piston. This distance is invariably half of the stroke. 
For example, in an engine having a 5-ineh stroke, the distance 
between the center lines would be 2^ inches. If suitable center 
holes are drilled in the face of the supporting flange at the proper 
distances from the crankshaft center it will be possible to line up 
the flange fittings very accurately to the crank pins and to i^p- 
port the shaft in such a way that the crank pins will revolve bu 
the main center line passing through the lathe centers. This, of 
course, is essential in order to machine the shaft journal and crank 
pins true. 

After the crankshaft is trued the next operation is to fit it to 
the main bearings or rather to scrape these members to fit the 
shaft journal. In order to bring the brasses closer together, it may 
be necessary to remove a little metal from the edges of the caps 
to compensate for the lost motion. A very simple way of doing 
this is shown at Pig. 136, D. A piece of medium emery cloth is 
rested on the surface plate and the box or brass is pushed back and 
forth over that member by hand, the amount of pressure and 
rapidity of movement being determined by the amount of metal 
it is necessary to remove. This is better than filing because the 
edges will be flat and there will be no tendency for the bearing 
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caps to rock when placed against the bearing seat. It is important 
to take enough off the edges of the boaces to insure that the^ wil| 
grip the crank tightly. The outer diameter must be checked with 
a pair of calipers during this operation to make sure that the 
surfaces remain parallel. Otherwise, the beafirg brasses will only 
grip at one end and with such insufficient support they will quickly 
work loose, both in the bearing seat and bearing cap. 

Scraping Brasses to Fit. — To insure that the bearing brasses 
will be a good fit on the trued up crank pins or crankshaft journals 



tiie^ must be scraped to fit the various crankshaft journals. The 
process of scraping, while a tedious one, is not difficult, requiring 
only patience and vsome degree of care to do a good job. The sur- 
face of the crank pm is smeared with Prussian blue pigment which 
is spread evenly over the entire surface. The bearings are then 
clamped together m the usual manner with the proper bolts and 
the cranksliaft revolved several times to indicate the high spots 
on the bearing cap. At the start of the process of scraping in, the 
bearing may seat only at a few points as shown at Pig. 136, (i. 
Continued scraping will bring the bearing surface as indicated at 
H, which is a considerable improvement, while the process may be 
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considered complete when the brass indicates a bearing all over 
as at I. The high spots are indicated by blue, as where the shaft 
does not bear on the bearing there is no color. The high spots are 
removed by means of a scraping tool of the form shown at Fig. 
136, F, which is easily made from a worn out file. These are 
forged to shape and ground hollow as indicated in the section and 
are kept properly sharpened by frequent rubbing on an ordinary 
oil stone. To scrape properly, the edge of the scraper must be 
very keen. 

Other forms of scrapers used in machining operations are 
shown at Fig. 137. The flat scraper A, is used for plain surfaces. 
For ordinary use the blade is about %^-inch thick, about 1-inch 
wide and is drawn at the point to a thickness of about ^/i(j-mch. 
The cutting edge is made as hard as possible. The hook scraper 
B, IS also used on fiat surfaces. The straight and curved half 
round scrapers shown at C and D, are used for bearings. The 
three cornered scraper outlined at E, is also used on curved sur- 
faces and is of value in rounding off the sharp corners. For 
scraping very large engine bearings, such as used for stationary 
work the two handle scraper shown at Fy is valuable, though there 
are not many applications in automobile w^ork where this type of 
tool is necessary. The straight or curved half round type wdtks 
well on soft-bearing metals, such as babbit, or white ])rass, but.bpff 
yellow brass or bronze it cuts very slowly, and as soon as the edge 
becomes dull considerable pressure is needed to remove any metal, 
this calling for frequent sharpening. 

When correcting errors on flat or curved surfaces by hand scrap- 
ing, it is desirable, of course, to obtain an evenly spotted bearing 
with as little scraping as possibly. When the part to be scraped 
is first applied to the surface-plate, or to a journal in the case 
of a bearing, three or four ^‘high” spots may be indicated by the 
marking material. The time required to reduce these high spots 
and obtain a bearing that m distributed over the entire surface de- 
pends largely upon the way the scraping is started. If the first 
^bearing marks indicate a decided rise in the surface, much time 
can be saved by scraping larger areas than are covered by the 
bearing marks; this is especially true of large shaft and engine 
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bearings, etc. An experienced workman will not only remove the 
heavy marks, but also reduce a larger area ; then^ when the bearing 
is tested again, the marks will generally be distributed somewhai. 
If the heavy marks which usually appear at' first are simply re- 
moved by light scraping, these ‘"^oint bearings'^ are gradually 
enlarged, but a much longer time will be required to distribute 
them. « 

The number of times the bearing must be appHod to the journal 
for testing is important, especially when the box or bearing is 
large and not easily handled.. The time required to distribute the 
bearing marks evenly depends largely upon one^s judgment in 
reading” these marks. In the early stages uf the scraping opera- 
tion, the marks ^lould be used partly as a guidj for showing the 
high areas, and instead of merely scraping the marked spot the 
surface surrounding it should also be reduced, unless it is evident 
that the unevenness is local. The idea should be to obtain first 
a few large but generally distributed marks, tlien an evenly and 
finely spotted surface can be produced quite easily. 

In fitting brasses when these are of the removable type, tw^o 
methods may be used. The upper half of the engine base may be 
inverted on a suitable bench or stand and the boxes fitted by plac- 
ing the crankshaft in position, clamping down one bearing cap at 
a time and fitting each bearing in succession until they bed equally. 
Prom that time on the bearings should be fitted at the same time 
so the shaft will be parallel with the bottom of the cylinders. Con- 
siderable time and handling of the heavy crankshaft may be saved 
if a preliminary fitting of the bearing brasses is made by clamping 
them^ together with a carpenter's wood clamp as shown at Pig. 
136, J, and leaving the crankshaft attached to the bench as showm 
at C. The brasses are revolved around the crankshaft journal and 
are scraped to fit wherever high spots are indicated until they 
begin to seat fairly. When the brasses assume a finished appear- 
ance the final scraping should be carried on with ail bearings in 
place and revolving the crankshaft to determine the area of the 
seating. When the brasses are properly fitted they wdll not 
show a full bearing surface but the shaft will not turn unduly 
hard if revolved with the same amount of leverage as afforded by 
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the ^ly^eel rim or starting crank, all bearing cape being properly 
1)edded down and lubricated. 

Bearings of white metal or babbitt can be fitted tighter than 
those of bronze, and care must be observed in supplying lubricant 
HS considerably more than the usual amount is needed until the 
bearings are run in by several hundred miles of road work. Be- 
fore the scraping, process is started it is well to chisel an oil groove 
in the bearing as shown at Pig. 136, L. Grooves are very helpful 
in insuring uniform distribution of oil over the entire width of 
bearing and at the same time act as reservoirs to retain a supply 
of oil. The tool used is a round nosed chisel, the effort being made 
to cut the grooves of uniform depth and having smooth sides. Care 
should be taken not to cut the grooves too deeply as this will 
seriously reduce the strength of the bearing bushing. The shape 
of the groove ordinarily provided is clearly shown at Pig. 136, G, 
and it will be observed that the grooves do not extend clear to the 
edge of the bearing, but stop about a quarter of an inch from that 
point. The hole through which the oil is supplied to the bearing 
is usually drilled in such a way that it will communicate with the 
groove. 

The tool shown at Pig. 136, K, is of recent development and is 
known as a ^'crankshaft equalizer.’’ This is a hand operated 
turning tool carrying cutters which are intended to smooth down 
scored crank pins without using a lathe. The feed may be ad- 
justed by suitable screws and the device may be fitted to crank 
pins and shaft journals of different diameters by other adjusting 
screws. This device is not hard to operate, being merely clamped 
around the crankshaft in the same manner as the lapping tool 
previously described, and after it has been properly adjusted it 
is turned around by the levers provided for the purpose, the con- 
tinuous rotary motion removing the metal just as a lathe tool 
would. 

Eemetalling and Fitting Connecting Kods. — Pitting and ad- 
justing rod bearings, especially those at the crank pin end, is one 
irf the operations that must be performed several times a season 
if a car is used to any extent. There are two forms of connecting 
rods in general use, known respectively as the marine type, shown 
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at Pig. 138, A, and the hinged form depicted at Fig. 138, B.* flPh^ 
hinge type is the simplest, but one clamp bolt being used to keep^, 
the parts together as the cap is hinged to the rod end on one side, 



Tig. 138. — OutHning Common Types of Connecting Bod Big Ends. 

this permitting the lower portion to swing down and the crank 
pin to pass out from between the halves when the retaining bol0^ 
is removed. In the marine tyi>e, which is the most common^ one or 
two bolts are employed at ead^side an^ the cap must be removed 
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entirely before the bearing can be taken off of the crank pin. 
The tightness of the brasses around the crank pin can never be 
determined solely by the adjustment of the bolts, as while it is 
important that these should be drawn up as tightly as possible 



Pig. 139. — Simple Lapping Tool for Crank IHn and Method of Use. 


the bearing should fit the shaft without undue binding, even if 
the brasses must be scraped to insure a proper fit. As is true of 
the main bearings, the marine form of connecting rod has a number 
of liners or shims interposed between^ the top and lower portions 
of the rod end and these may be r^uced in number when neces- 
sary to bring the brasses w>ser together. 
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In fitting new brasses there are two conditions to be avoided, 
these being outlined at Pig, 138, C and D. In ih^ case showHy 
at C the light edges of the bushings are in contact, but the connect- 
ing rod and its cap do not meet. When the' retaining nuts are 
tightened the entire strain is taken on the c omparatively small 
area of the edges of the bushings which are not strong enough to 
withstand the strains existing and which flatten out quickly, per- 



Fig, 140. — Adjustable Center Lathe Dog and Crankshaft Supporting 
Flange for Use in Turning Crank Pins on Lathes. 

5 

mittii% the bearing to run loose. In the example outlined at D 
the edges of the brasses do not touch when the connecting rod cap 
is drawn in place. This is not good practice, because the brasses 
soon become loose in their retaining member. In the case outlined 
it is necessary to file off the faces of the rod and cap until these 
meet, and to insure contact of the edges of the brasses as well. 
In event of the brasses coming together before the cap and rod 
make contact, as shown at C, the bearing halves should be reduced 
at the edges until both the caps and brasses meet against the 
surfaces of the liners as shown at A. ' 





Au^^bUe. S^pmring Made Busy 


‘^‘"Before assfembling on the shaft, it is necessary to fit the bearings 
by scraping, the same instructions given for restoring the contour 
of the main bearings applying just as well in this case. It is 
apparent that if the crank pins are not round no amount of 
scraping will insure a true bearing. A point to observe is to make 
sure that the heads of the bolts are imbedded solidly in their 
proper position and that they are not raised by any burrs or 



3E^g. 141. — At A, Method of Supporting and Driving Crankshaft for 
Turning Main Bearings. At B, Showing Use of Crankshaft Support- 
ing Flanges when Machining Crank Pins. / 


particles of dirt under the head which will flatten out after the 
engine has been run for a time and allow the bolts to slack oflE. 
Similarly, care should be taken that there is no foreign matter un- 
der the brasses and the box in which they seat. To guard against 
this the bolts should be struck with a hammer several times after 
they are tightened up, and the connecting rod can be hit sharply 
several times under the cap with a wooden mallet or lead hammer. 
It is important to pin the brasses in place to prevent movement, 
as lubrication may be interfered with if the bushing turns round 




SemetcJUng Connecting Mode 

) 





and breaks the correct register between the oil h<^ le ^he cap 
and brasses. 

Care should be taken in screwing on the retaining nuts to 
insure that they will remain in place and not slack off. Spring 
washers should not be used on either connecting rod ends or main 
bearing bolts, because these sometimes snap in c^o pieces and 
leave the nut slack. The best method of locking is to use well- 
fitting split pins and castellated nuts. In a nuihber of the cheaper 
cars, the bearing metal is cast in place in the connecting rod lower 
end and in main bearings, and is not in the form of removable 
die cast bushings as are used on the more expensive cars. The 
repairman who is called upon to replace the bearing metal will 
find the following instructions regarding remetalling bearings of 
value. The method described was used by the writer while in 
charge of a large shop where much work of this kind was done 
and while the instructions given apply specifically to lining the 
big ends of connecting rods, the same process may be used suc- 
cessfully on any other bearings where the mandrel and collars 
can be used, the dimensions being changed to suit the requirements 
of the worker. 

In the case mentioned the journals of the crankshaft were two 
inches in diameter and the big ends of the connecting rods were 
worn too much to allow of adjusting. A piece of pipe about 9 
hhches long was procured and turned down in a lathe until it was 
a,t0iade under 2 inches in diameter, which made a hollow mandrel 
of it. A piece of steel tubing could have been used to as good 
advantage had, any been available. As the outside of the bearing 
capg^ were machined true a couple of set collars were bored out 
to be a good fit on the mandrel, and while, still in the lathe they 
were recessed out to just fit over the outside of the big ends, as* 
shown in sketch Pig. 4. One of these collars was placed on the 
hollow mandrel A, after which the mandrel was pushed through' 
the big end, and. the other collar was put on the other side, insur- 
ing that the mandrel was as near center as possible for it to be. 

The assemblage is then supported on a couple of V-blocks, which 
are supported on a lathe bed, the ends of the mandrel lying within 
the V^s while the connecting rod hangs between the ways. A piece 




Fig. 142. — Showing Simple Method of Besnetalling Connecting Rod Bear- 
ings at A, and Ways of Measuring Parallelism of Upper and liOwer 
Connecting Rod Bearings at B and C. 
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Testing Beanng ParcMelism 

of solid round iron or steel which will go ine^e of the hollow 
mandrel should be made red hot while the anti-frietlon metal |s 
being melted and is pushed inside the mandrel to heat it. In a 
minute or two the metal may be poured in th’*ough B to fill D, 
and as the metal and the big end caps are well heated the molten 
metal will flow to every point. The heating of the mandrel can 
be just as w^ell accomplished by directing the flame from a blow 
torch or Bunsen burner into the opening. After the metal is 
poured and has set the whole may be easily cooled by running 
water through the mandrel or by directing a bhtst of air against 
the big end, as desired. 

Before the cap is assembled with the connecting rod several 
shims or liners of sheet brass or copper should be placed between 
them so that adjustment for wear of the new bearing can be com- 
pensated for by the removal of a liner. As is evident, the thinner 
the liner and the greater the number used, the more sensitive the 
character of adjustment possible. 

The use of a liollow mandrel is to be preferred to a solid one 
because of the eas(3 with which it can be heated and cooled. Vents 
should be made for the heated gases by grooving the face of each 
of the collars nearest the big end and on the same side as the 
hole througli which the metal is poured. If provision is not made 
for ^Wenting’’ the molten metal will not run uniformly and will 
become honeycombed. After cooling tJie bearing is either bored 
out in a lath(3 to the size of the journal or scraped to a fit by han<|jf 
The method of pouring the molten metal is clearly shovn while 
the sectional view makes the construction and application of the 
mandrel clear. The same method may be used to rebabbitt main 
boxes except that a pair of collars will be needed for each bearing 
and a long mandrel used. 

Testing Bearing Parallelism. — It is not possible to give other 
than general directions regarding the proper degree of tightening 
for a connecting rod bearing, but as a guide to correct adjustment 
it may be said that if the connecting rod cap is tightened suffi- 
ciently so the connecting rod will just about fall over from a 
vertical position due to the piston weight when the bolts are fully 
tightened up, the adjustment will be nearly correct. As previ- 
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ou^^stated, babbitt or white metal bearings can be set up more 
than bronze, as the metal is softer and any high spots will 
soon be leveled down with the running of the engine. It is impor- 
tant that care be taken to preseiwe parallelism of the wrist pins 
and crankshafts while scraping in bearings. This can be deter- 
mined in two ways. That shown at Pig, 142, B, is used when 
the parts are not in the engine assembly and when the connecting 
rod bearing is being fitted to a mandrel or arbor the same size 
as the crank pin. The arbor, which is finished very smooth and of 
uniform diameter, is placed is two V blocks, which in turn are 
^pported by a level surface plate. An adjustable height gauge 
may be tried, first at one side of the wTist pin which is placed at 
the upper end of the connecting rod, then at the other, and any 
variation will be easily determined by the degree of tilting of the 
rod. This test may be made with the wrist pin alone, or if the 
piston is in place, a straight edge or spirit level may be employed. 
The spirit level will readily show any inclination while the straight 
edge is used in connection with the height gauge as indicated. 

When the connecting rods are being fitted with the crankshaft 
in place in crankcase, and that member secured in the frame, a 
Steel square may be used as it is reasonable to assume that 
wrist pin, and consequently the piston it carries, should ob^rt^. 
a true relation with the top of the engine base. If the piston, side 
is at right angles with the top of the engine base it is reasonable 
10 assume that the wrist pin and crank pin are parallel. ^ If the 
piston is canted to one side or the other, it will indicate that the 
brasses have been scraped tapering, which would/ mean consider- 
able heating and undue friction if the piston M installed in the 
cylinder on account of the pressure against one portion of the 
cylinder wall. The height gauge method shown above may be 
used instead of the steel square, if designed, because the top of the 
crank case is planed or milled true and should be parallel with 
the center line of the crankshaft. 

On the new eight-cylinder V types of engines which are fitted 
on several models of 1915 cars the connecting rod design is dif- 
ferent from that ordinarily used, as it is sometimes necessary to 
have two rods working from the same crank pin. The construction 
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Pig. 143, — Showing Construction of Oonnect^g Rod Needed with Eight 
Cylinder V Engine Unless Carried Side hy Side on Crankpim. 


follows very closely that used in motorcycle engines of the two- 
cylinder V form. Two methods of connecting rod arrangement 
are shown at Pig. 143. In the example at the top of the illus- 
tration, connecting rod A has a forked end which encircles tho 
.main crank pin bushing. These ends ar^ of the usual ^marine 
type, straddling the big end of rod B, |^hich is free to oscih; 
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latf 013^ the crank pin bushing. Care must be taken to fit rod 
A in such a manner that it will be clamped tightly around the end 
of the main crank pin bushing so that member will move in 
unison with rod A. The method outlined in the lower view uses 
a master or main rod A of the conventional pattern, excepting 
that a slotted boss is forged on one side of the connecting rod 
to take the lower end of rod B, which hinges on a suitable bear- 
ing pin. The crank pin bearing works in connection with main 
rod A just as in a four-cylinder engine, and the point to be watched 



Fig. 144. — Showing Practical Application of BaU Beatings for Crankshaft 
and Camshaft Support. 


for wear is at the hinge where rod B fastens to the main rod. 
The same method of fitting brasses that has been previously de- 
scribed in connection with the conventional forms of bearings apply 
just as well to the special type, though somewhat greater care will 
be necessary in fitting the yoke or forked end rod construction 
than is required with the simpler bearing subject to wear only at 
its inner periphery. 

Ball Bearing Crankshaft. — A number of automobile engines 
utilize ball bearings for supporting the crankshaft as outlined at 
Figs. 144 and 145. While these bearings are usually selected so 
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a large margin of strength is present and the bearings ha'**e much 
greater resisting power than is needed, after the e^iglne has been 
run for a time these may have loosened, and as a result are noisy 
in action. Ball bearings cannot be refitted a^ plain bearings can, 
and when worn it is necessary to replace them witli entirely new 
members. This work is not difficult as these bearings arc machined 
very accurately, and usually there is no depreciation at either the 
crankshaft or the bearing housing owing to all of the wear having 
occurred in the bearing itself. The process of replacement, there- 



Fig. 145. — Section of Autocar Motor Crankcase Showing Ball Bearing 

Crankshaft. 
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is a simple oii^, consisting mainly of forcing off the worn 
members and forcing op new ones in their place. The method of 
bearing retention outlined is a common one. One of the bearings, 
in this case the rear one, has the outer race securely held against 
end movement in the retaining housings, while the inner race is 
also tightly clamped around the crankshaft journal by means of 
a spacing washer and flange member tightly pressed against the 
bearing inner race by a suitable clamping nut. The front main 
bearii^ has only the inner race clamped. The crankshaft timing 
gear lerves to transmit the end pressure of the nut on the front 
end of the shaft, which has the starting dogs or ratchet formed 
at one end. The idea of this is so that the pressure applied to start 
the engine with the hand crank will result in keeping the clamping 
nut tight due to the leverage of the crank. The center main 
bearing has a floating outer race just as the front bearing has. 
This means that neither of these bearings will be called upon to 
resist end thrust and insures that they will be subjected to only 
radial loads. The inner race of the center main bearing is clamped 
against the suitable shoulder by a slit bushing which encircles the 
crankshaft and which takes up the space between the bearing inner 
race and the crankshaft web. Most engines using ball bearings 
have crankshafts of the two bearing form, which means that the 
center bearing is eliminated and only the end bearings used. This 
construction has been made possible by the almost univers^ pfac- 
tice of casting four cylinders ‘^en bloc,^’ but the bearings are held 
in the same manner. The instructions given for the care and 
installation of ball bearings in the chapter o® Uniting gear com- 
ponents applies just as well to those used for crankshaft support. 

Camshafts and Timing Gears. — ^Knocking sounds are also evi- 
dent if the camshaft is loose in its bearings, and also if the cams 
or timing gears are loose oi^' the shaft. The camshaft is usually 
supported by solid bearings^of the removable bushing type, having 
no compensation for depreciation. If these bearings wear the only 
remedy is replacement with new ones. In the older makes of cars 
it was general practice to machine the cams separately and to 
secure these to the camshaft by means of taper pins or keys. 
These members sometinjes loosened and caused noise. In event of 
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the Cams being loose, care should be Jh^n^to lise new k^ys or 
taper pins, as the case may be* If the fastening used was a pin, 
the hole through the camshaft will invariably be slightly oval from 
wean In order to insure a tight job, the hol^ in cam and shaft 
must be reamed with the next larger size of standard taper reamer 
and a larger pin driven in* Another point to watch is the method 
of retaining the camshaft gear in place. On some engines the 
gear is fastened to a flange on the camshaft by retaining screws. 
These are not apt to become loose, but where reliance is placed 
on a key the camshaft gear may often be loose on its supporting 
member. The only remedy is to enlarge the key slot in both gear 
and shaft and to fit a larger retaining key. 

If the camshaft is sprung or twisted it will alter the valve 
timing to such an extent that the smoothness of operation of the 
engine will be materially affected. If this condition is suspected 
the crankshaft may be swung on lathe centers and turned to see 
if it runs out and can be straightened in any of the usual form 
of shaft-straightening machines. The shaft may be twisted with- 
out being sprung. This can only be determined by supporting one 
end of the shaft in an index head and the other end on a milling 
machine center. The cams are then checked to see that they are 
separated by the proper degree of angularity. This process is one 
that requires a thorough knowledge of the valve timing of the en- 
^ne in question, and is best done at the factory where the engine 
was made. The timing gears should also be examined to see if the 
teeth are worn enough so that considerable back lash or lost mo- 
tion exists between them. This is especially important where worm 
or spiral gears are used. A worn timing gear not only produces 
noise, but it will cause the time of opening and closing of the 
engine valves to vary materially. 

Valve Timing Methods. — Among the important factors making 
for efficient operation of the ghs or gasoline engine, especially 
of the multiple cylinder type used for automobile propulsion, there 
is none of more importance than proper valve timing. In a four- 
cylinder four-cycle motor there are eight of these members, two 
to each cylinder, the function of the inlet valves being to permit 
the cylinders to fill with gas while the exhaust valves open to 
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^lear the cylinders ^of the products of. combiftstion. The inlet wive 
usually opens when the piston is at approximately the top pf4ts^ 
^t^ke in the cylinder, or during that portion of the engine cy^le 
#here the piston is starting to go down to draw in a charge 
gas. This valve is opened a period equal to the downstroke of the 
piston, and sometimes more, hut is closed during the succeeding 
compression, explosion and scavenging strokes. The operation of 
the exhaust valve is very much the same as the inlet, except that 
it is opened for a longer period, starting to open before the piston 
has completed the downward stroke produced by the explosion 
is sometimes opened slightly after the end of the return or 
‘ scavenging stroke. 

It is important that the valves open and close according to the ' 
timing instructions issued by the maker of the motor if maximuiltf^ 
efficiency is to be obtained from the power plant. As the valves 
are operated by cams, which in turn are mounted on and driven 
by a shaft turning at half the crankshaft speed, the periphery of 
the flywheel rim may be utilized to indicate the valve timing of 
the motor by means of suitable marks which will register with a 
trammel or indicator point usually fixed back of the rear cylinder 
with the pointer exactly on the longitudinal center line of the 
engine. At first glance the marks on the flywheel may be con- 
fusing, but they are easily understood if one considers the basic 
operation of a four-cylinder four-cycle motor and remembers thf^^ 
an explosion must take place in some cylinder for every |)6piod 
indicated by one-half revolution of the flywh«?ej.. As the "Vjllves 
are usually timed to remain open a ef degrees 

measured by the crankshaft rotation, the timing may be accom- 
plished in two w^ays, that previously described by following fly- 
wheel markings or by noting the travel of the piston in the cylin- 
der with some form of depth gauge. Some manufacturers advise 
timing the motor by following the piston travel directly. Others 
make provision for this timing by marking the motor flywheel. 

In marking a flywheel rim, one only needs to remember that 
every circle may be divided into 360 or more parts, though 360 is ,« 
usually used because it indicates in degrees, whereas the smaller 
subdivisions, which would be in minutes and seconds, are not 
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nped^S. If flywhed is not already inarked, as might be the 
c^ejit the maker followed the system of timing by piston move- 
mera directly, it is not difficult for any repairman to mark thf 
flywheel rim if he knows tlie points of openings and closing of the^ 
valve as expressed in degrees of crankshaft travel. The first marks 
to make are the points at which two of the ])istons araat the t?i|p 
of the stroke and two at the bottom. This is usually done by 
considering the cylinder nearest tlie radiator, or at the front of 
thetmotor No. 1 and tlie others in order 2, 3 and 4. The first 
mark made on the flywheel rim is wdien the jiiston in cylinder 
No. 1 is brought to the end of its stroke or tow ard the closed end 
of the cylinder. A point is prick punched on the flywheel to 
correspond with the pointer of the trammel or indicator. This 
is%3alled ‘^top center’^ cylinders 1 and 4. This may be abbre- 
viated as ^‘T.Cl-4,’' which is very easily indicated on the iron 
rim of the flyw'h(‘el wdth ordinary steel hdter stamps. The flywdieel 
IS then turned over a half revolution until the piston in Number 1 
cylinder is at the bottom of its stroke. Another point is then in- 
dicated on the flywdieel and this is marked wffiich is 

an abbrcMation for “bottom center/’ cylinders 1 and 4. If, for 
example the inlet valve in number 1 cylinder opens fifteen de- 
grees after top center a distance is measured off on the flywheel 
rim equal to a crank shaft travel of 15 degrees. xV line is then 
scribed across the face of the flywheel and this is marked ^4nlet 
opens’’ 1 and 4. If the inlet valve closed 20 degrees after botiom 
centeri^he flywheel is rotated half a turn until the bottom center 
line registers with the trammel. A suitable distance is then meas- 
ured off on the flywheel face from that point that would be equal 
to a travel of 20 degrees on a circle represented by the circum- 
ference of the flywheel. 

The rule for determining the amount of space to allow for a 
degree is not a difficult one to apply in practice. It is merely 
necessary to multiply the diameter of the flywheel in inches by 
a Constant value, 3.1416, which remains the same regardless of 
diameter of the flywheel, to obtain the circumference of the fly- 
wheel in inches. This product is divided by 360, which gives the 
amount of space to measure off on the flywheel rim for each de- 
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gree. Whil^ the ftguring is not difficult, resjolt may bc^very 
quickly arrived at by reference to the accomp«||iying table of angles 
, and corresponding arcs which has been compiled by A. C. Wood- 
bury and printed in the Horseless Age. A conversion table is 
also appended which will be of value inasmuch as it permits the 
ccpversion of hundredths of an inch to sixty-fourths of an inch, 
which subdivision is more apt to be found on standard flexible 
scales used by American machinists. 

After having marked the flywheel for the inlet valve, the next 
operation is to indicate the points of opening and closing for the 
exhaust valve of No. 1 cylinder. As a rule, the exhaust valve 
opens about 45 degrees ahead of the bottom center position of the 
piston when that member is impelled downwarc^y^ the force of t^he 
explosion. Following the closing of the inlet valve, nearly two 
strokes of the piston takes place before the exhaust opens, one 
being the stroke corresponding to the compression of the gas 
while the other corresponds to the downward travel of the piston 
due to explosion pressure. The exhaust valve usually closes a 
:f few degrees before the inlet ope^^ though on some engines the 
exhaust may not be fully closed l&bre the intake starts to open. 

A cross section view of a fou^ylinder engine with the valves 
located in the combustion heads is shown at Fig. 146, which also 
indicates the method employed of marking the flywheel and gives 
the relation of the various strokes for the two most commonly ^used 
firing orders employed with four-cylinder motors. The jCxplomons 
do not occur in each cylinder in |he same sequence as cy^ders 
are numbered. An explosion in cylinder No. 1 is followM oy one 
in No. 2, then by one in No. 4, and lastly by one in Noi' 3, accord- 
ing to one method. In the other the firing order is 1 — 3 — 4^2. 
In other words, the explosions must follow each other in cylinders. 
1 and 2 or m cylinders 3 and 4, because in these one piston is up 
while tjie other is down. 

Considering the firing order first named, if an explosion is 
taking place in cylinder No. 1 driving the piston downward, the 
piston in cylinder No. 2 is compressing a charge as it is 
upward, that in No. ^3, which is moving in the same direction as 
the piston in No. 2, is expelling the burnt gas, and the piston in 
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No. 4, which is moving down ox in the same direction as piston 
No. 1, is drawing in a charge of gas. At the completion of the 
explosion stroke in cylinder No. 1 the positions of the pistons is. 
the reverse to that shown in the illustration, i.e., pistons in No. 1 
and No. 4 are at the open end of the cylinder, whereas those in 
No. 2 and No. 3 are at the top or closed end. 



He.. Val.M Are TtaieA T«v»eta A4jM<e4 by UtlltelmA *be MarklBsa •» tb« Flywheel. 

FIRINC OIUIFR PIRINO OROBR l-S-4-3. 

CrIiaAer t C>tleAer 2 

1 — Firing ( ompreaalon 

J— Ex h AUBt Firing 

1 — Suction Exhaust 

I — ComprcMlon Suction 

Fig. 146. — Explaining Method of Timing Valves and Marking Flywheel 
of Four Cylinder Motor. 

When piston No. 1 starts to go up again it will be forcing out 
the burnt gas due to the previous explosion. That in No. 2, which , 
has reached the top end of the stroke just after compressing the’ 
charge, is subjected to the explosion; that in No. 3, which movesj, 
in the same direction as piston No. 2, and which has just cleared^ 
out the burnt gas, is drawing in a fresh charge, while piston No. 4^;. 
is moving toward the top of the cylinder, compressing the gaJl 
inspired during the preceding downward stroke. The remainder^ 


CyllsA.’r S 4 FyllnAcr t CyllAAvr 3 C)r»*Aer 3 CrllsAAr 4 

F xhauat Ruction 1 — Firing Fxhnuat ComprcBSiOD Ruction 

Kuction ComproBBlon t — Exhaust Suction Firing CompreaBloa 

( nmpresslOD Firing 3 — Suction Compression Exhaust Firing 

Firing Exhaust * — Compression Firing Suction Exhaust 
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Tig, 147. — Instructions Given by the Locomobile Company for Valve 
Timing of its Various Early Models. 


of the operations may be readily followed by the reader by study- 
ing the illustrations and the explanatory context. 

At Fig. 147 the system of valve timing* employed on several 
podels of the Locomobile cars is clearly outlined. At the top the 
points of opening and closing of the valves in the Locomobile 
Model L, as measured by piston travel, are depicted, while the 
bottom series show^s the timing of the models H and M for a period 
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of years. It will be apparent that it would not be difficult to 
measure the piston travel by inserting a suitable depth gauge 
through a petcock at the top of the cylinder, so a rod or wire 
could be employed to follow the piston movement. 

At Fig. 148 the valve timing of the 1915 Overlap^ motor is 
outlined, this showing the method of indicating the points on the 
flywheel rim, and also the amount of travel of the crankshaft to 
conform to the number of degrees opening and closing of the 
valve. The marks on the flywheel and their meaning follows: 

1-4 Up means cylinders 1 and 4 are in their uppermost position. 

2'3 Up means cylinders 2 and 3 are in their uppermost position. 

1-4 I-O means inlet valve of cylinder 1 or 4 opens 

1-4 I-C means* inlet valve of cylinder 1 or 4 closes 

1-4 E-0 means exhaust valve of cylinder 1 or 4 opens. 

1- 4 E-C means exhaust valve of cylinder 1 or 4 closes 

2- 3 1-0 means inlet valve of cylinder 2 or 3 opens 

2-3 1-C means* inlet valve of cylinder 2 or 3 closes 

2-3 E-0 means exhaust valve of cylinder 2 or 3 opens 

2-3 E-C means exhaust valve of cylinder 2 or 3 closes. 

To determine when the setting of the valves is correct proceed 
as follows, beginning with cylinder No. 1 : First open the priming 
cocks over all exhaust valves to relieve the compression and to \ 
make flywheel rotation easier. Second, turn the flywheel to the 
left until the mark 1-4 Up is in line with the punched guide marl^ 
on No. 4 cylinder. Pistons No. 1 and No. 4 are now^ at their ' 
highest points, or on upper dead center. About 1^4 the 

right of the mark one will notice another indication, 1-4 I 0. 
Turn the flywheel to the left until this mark is lined up with the 
punch mark on cylinder. At this point the inlet valve of either 
cylinder No. 1 or cylinder No. 4 should begin to lift. If the lift 
should occur in cylinder No. 4, turn the flywheel one complete 
revolution until the marks 1-4 I 0 again appear on top and in 
line with the guide marks. Now^ feel of the inlet valve lift plunger ^ 
of cylinder No. 1, which should be in contact with the inlet valvej 
stem, and further rotation of the flywheel to the left should begin 
to produce a lift of the inlet valve, which may be observed bf^ 
watching the upward movement of the valve stem. Third, to de- 
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termine the closing point of the same inlet valve turn the flywheel 
a little more than half a revolution until the mark 1-4 I C appears 
on top and registers with the punch mark on the cylinder. With 
the flywheel in this position the inlet valve should be closed, and 
after very slight movement of the flywheel to the left there should 
be enough space between the top of the valve plunger and the inlet 
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Fig. 148. — How the Overland Four Cylinder Motor Valves are Timed. 

“valve stem to insert a thin visiting card. At the Overland fac- 
tory this space is measured by a gauge exactly twelve thousandths 
of an inch (.012) thick; this clearance is necessary to compensate 
for the expansion of the valve stem when it becomes hot during 
the operation of the engine. The exhaust valve opening in No. 1 
cylinder is then gone over in the same manner. After the point 
where the inlet valve closes the flywheel is turned half a turn until 
the mark 1-4 Up comes to the top. Turn the flywheel to the left 
until a mark indicated by 1-4 E. O. registers with the punch mark 
in the cylinder. To determine the point of exhaust valve closing 
turn the flywheel to the left for a space equal to 241 degrees 
measured on the flywheel rim where a mark will be found indi- 
cating the point of exhaust valve closing, which will be 1-4 E. C. 
In order to enable the repairman to judge the amount of distance 
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measured on the flywheel circumference corresponding to the num-' 
her of degrees valve opening the following tabulation is given : 




Model 69 

Model 71 

Diameter of flywheel 


ir in. 

18 in. 

Inlet valve opens late 




ly. 

Inlet valve closes late 


5^42 


Exhaust valve opens early . 


6% 

71%4 

Exhaust valve closes late . . . 


21%4 

22%4 


The same instructions apply to 1915 four-cylinder motors* 


Valve Adjust- 


Valve Adjust- ' 
ment Lower 





Pig. 149. — ^Method of Timing Valves of Overland Six Cylinder Motor 
and Adjusting Valve Gear* 
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Eemeshing Overland Model 82 Time Gears. — A cross shaft on 
front of the motor operates the generator and pump shaft. This 
shaft is driven by a bronze gear keyed to the front end of the 
crankshaft. The gear at the extreme left of the cross shaft (Fig. 
149) or right hand side of the motor drives the generator shaft. 
The second gear from the left of the illustration drives the cam- 
shaft. The gear at the right of the cross shaft drives the pump 
and magneto shaft which, like the cam and generator shaft, runs 
parallel to the crankshaft. AYhen these have been taken apart and 
are to be reassembled, follow these directions: Turn the flywheel 
until pistons 1 and 6 are on upper dead center, with No. 1 just 
completing its compression stroke and ready to fire. On keying 
the driving gear to the crankshaft, make sure that the straight 
mark on the top of the gear is lined up with the bottom face of 
the cylinder casting. 

Through the inspection plate you will notice a straight mark 
lengthwise of the cross shaft. This mark must line up with a 
corresponding mark on the face of the inspection plate Lin- 
ing up the shaft, of course, automatically brings the four gears 
keyed on to the shaft in their proper positions. Nov it is only 
necessary to assemble the three driven gears so that the arrow 
punched on the face line with the corresponding mark on the 
housing. 

Timing the Valves. — This, too, is an operation vliich should 
be undertaken with caution and carried out with accuracy, and 
by a person competent to do such work. The rim of the flywheel 
bears at various points the following marks: 

1- 6 D-C means* pistons of cylinders 1 and 6 are in their utmost position. 

2- 5 D-C means, pistons of cylinders 2 and 5 are in their utmost position. 

3- 4 D-C means pistons of cylinders 3 and 4 are in their utmost position. 
1-6 I-O means inlet valve of cylinder 1 or 6 opens 

1-6 I-C means: inlet valve of cylinder 1 or 6 closes. 

1-6 E-0 means* exhaust valve of cylinder I or 6 opens. 

1- 6 E-C means exhaust valve of cylinder 1 or 6 closes. 

2- 5 I-O means: inlet valve of cylinder 2 or 5 opens. 

2-5 I-C means: inlet valve of cylinder 2 or 5 closes. 

2-5 E-0 means: exhaust valve of cylinder 2 or 5 opens. 

2-5 E-C means: exhaust valve of cylinder 2 or 5 closes. 
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3-4 T-0 means inlet valve of cylinder 3 or 4 opens 

3-4 I-C means* inlet valve of cylinder 3 or 4 closes. * 

3*4 E*0 means: exhaust valve of cylinder 3 or 4 opeau 
3-4 E-C means: exhaust valve of cylinder 3 or 4 closes. 

The motor cylinders are numbered 1, 2, S, 4, 5, 6, number 1 
being the cylinder near the radiator and number 6 the nearest 
the dash. Cylinder number 1 tires first, number ^ ne^t, then num- 
bers 3 and 6, then 2 and 4. The timing of the valves is, perhaps, 
best understood liy reference to the diagram. It will be seen 
that the intake valve opens wlien the flywheel is 7° 54' past 
upper dead center and doses when it is 30^ 6' past the lower 
dead center. The exhaust valve opens 41° 2' before the lower 
dead center and closes again 3° 51' past upper dead center; thus 
the inlet valve 0 ]>ens and closes late, whereas the exhaust valve 
opens early and closes late. 

The flywheel being 151^ inches in diameter, the following 
table gives the measurements in inches of the valve operation when 


lai^ out on the rim of the flywheel . 

4 

Diameter of flywheel . 15^4 luch 

Inlet valve opens late ... 1 07 inch 

Inlet valve closes late 4 07 inch 

Exhaust valve opens early . . . 5 59 inch 

iftxhaust valve closes late .52 inch 


To determine whether setting of the valves is correct, pro- 
ceed as follows, beginning with cylinder number 1: Open the 
priming cocks over all exliaust valves, to make the turning of the 
flywheel easier. Turn the flywheel to the left until the mark 
1-6 D-C is in line with the guide mark on number 6 cylinder. 
Now pistons 1 and 6 are at their highest points in their cylinders, 
or on upper dead center. About 1.07 inches to the right of mark 
1-6 D-C you will notice the mark 1-6 I-O. Turn the flywheel to 
the left until this mark is lined up with the guide mark on the 
motor. At this point the inlet valve of either cylinder 1 or 
cylinder 6 should begin to lift. If the lift should occur in 
cylinder 6, turn the flywheel one complete revolution, until the 
mark 1-6 I-O again appears on top and in line with the guide 
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Now watch or feel the inlet valve stem of cylinder 1 ; it 
should just begin to lift from its seat. 

To determine the closing point of the same inlet valve, turn 
the flywheel a little more than a half revolution, until the mark 
1-6 I-C appears on top. With the flywheel in its position, the 
inlet valve should be closed and there should be just enough space 
between the top of the valve-lifter and the valve stem that a thin 
visiting card can be placed between them. At the factory stem 
and lifter are set so that the distance between them is exactly 
four thousandths of an inch; this clearance is necessary to com- 
pensate for the expansion of the valve stem when it becomes hot 
during the operation of the engine. 

If adjustment is necessary, loosen the lock-nut on the top of 
the valve lifter bracket and screw the lower nut up and down, 
as shown in B, Fig. 149. If the play between valve lifter and 
valve stem is too great, the result will be noisy operation ; if t|i0 
adjustment is too close, the valve may be prevented from seating 
fully. Next, test the exhaust valve, again bringing 1-6 D-C to 
the top, and turning the flywheel to the left until the markA‘6 
E-C appears in line with the guide. After you have tested^le 
dkffiing of the exhaust valve of cylinder number 1, test its opening 
T^revolving the flywheel until the mark 1-6 B-0 comes to the top. 
Then go carefully over the valves of cylinders numbers 6, 2 and 5 
and 3 and 4. A slight variation of the flywheel markings to the 
right or left of the guide mark is permissible, but it should not 
be greater than a quarter of an inch. 

There is hardly a repair shop in the world that will not have 
occasion to time the valves of a Ford motor. The firing order is 
1 — 2 — 4 — 3 and the point of valve openings are clearly indicated 
in diagrams at Fig. 150, These show the points as measured di- 
rectly by the piston travel and need no further explanation. 

Marking Offset Cylinder Motor. — The instructions given for 
marking flywheels apply specifically to those engines in which the 
center lines of the cylinder and crankshaft coincide. If there is 
no offset the flywheel is marked from upper and lower dead cen- 
ters, which also indicate the top and bottom positions of the 
pistons in the cylinders. With an offset crankshaft, the flywheel 
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XKurr \ ALVK orEMi 


IXl-ET V^ALVe rLOSE$» 



Inlot Valve opens I 8 
(Piston travel past top 
center on Iststioke 


nXUAUST VAL\E OPKVR 




Cam Shaft Settiko 
Showing position of 
Exhausi Cam, Fxbaust 
>alve, Crank, Connect- 
ing Rod and Piston of 
first Cylinder when 
marked tooth and space 
on Time Gears arc en- 
gaged 



Inlet Valve closes 1-4 
past lower center on 2d 
stroke 


IXIlALSl \AL\E CLOSES 



Exhaust opens 1-4 be- 
fore lower center on 4d 
stroke 


® Exhaust valve closes 
on top center between 
3d and 4th stroke 


Fig. 150 .— Methods of Timing the Ford Four Cylinder Motor. 


is marked at the upper vertical point by the angles laid off from 
that position of the piston, connecting rod and crankshaft which 
brings the three centers into line, i.e., the piston pin center, the 
crank pin center and the center of the crankshaft bearing. The 
reason for this is that with the piston at its highest point as 
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indicated by the usual method of finding upper center by set- 
ting the connecting rod vertically in the upper position, a slightly 
further movement of the crank which will bring the three cen- 
ters intoAie will raise it a small amount further, this latter 
being the true point of upper dead center. Similarly with the 
Intver center when the connecting rod is at its lowest point and 

starts to rise slightly, 
the piston is not at its 
lowest point and the 
movement past center, 
until the three center 
points mentioned come 
into line, will con- 
tinue to draw the pis- 
ton downward a sliglit, 
though measurable, 
amount. In the illus- 
tration, Fig. 152, the 
four stag(‘s of timing 
ofi'-set engines aj’e 
shown. The propor- 
tions of this motor 
have^een exaggerated 
to extent to 

clearly hrm^ out the 
points involved. The 
Fig. 151. — Diagram Showing Flywheel Marking cycle of tlie engine is 
on Overland Six Cylinder Motor, followed tlirough by 

the diagrams in proper 
sequence, this being inlet opening, inlet closing, exhaust open- 
ing and exhaust closing. In these diagrams the timing used 
is: Inlet opens at 8 degrees past the upper center; inlet closes 
at 26 degrees past the lower center, making the total inlet open- 
ing 198 degrees; exhaust opens at 46 degrees before lower cen- 
ter, exhaust closes at 5 degrees past upper center, making the total 
exhaust opening 231 degrees. If the engine timing differs from 
this and the flywheel is not marked, with the points of opening 
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Tig. 162. — How to Mark Flywheels of Engines Having Offset Cylinders. 
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and closing given, it will not be dilBScult to mark the flywheel rim, 
though this IS a job that must be carefully done. To simplify 
the explanation, we will assume that the motor timing is the same 
as indicated. The method of procedure is as follows : First, place 
the engine in a suitable position to work on and remove the lower 
half of the crankcase. Turn the crankshaft over slowly until the 
upper end of the connecting rod reaches the top point, then turn 
still more slowly, until the three centers are brought into* line. 
This will be a somewhat difficult job to handle, but with care, as- 
sisted by the more usual method of placing a pointer in the top of 
the cylinder, resting on the piston, and moving up and down with 
the latter, this can be accomplished. Having the center, lay a 
straight edge across the crankcase lower edge, and set a protractor 
or other angle measuring device to the exact angle between this 
and the cheeks of the crankshaft. Now, take this protractor off, 
note the angle, and then add to this the angle of the inlet opening, 
eight degrees as above. Set this back on the straight edge and 
turn the crank until the cheeks coincide with the new setting of 
the protractors. Then mark the upper point of the flywheel with 
the initial letters I 0, to indicate inlet opening. It is well to mark 
this at the time the work is done with prick punches which can 
be remedied afterward, scribing a line clear across the flywheel 
and then putting in the letters or the full words if desired. 

Find the following lo^\er dead center and mark the flywheel 
for that in the same manner. Then, nearly a full turn is neces- 
sary before the next lower center, from w^hich the angle of the 
exhaust opening must be subtracted, this calling for a backward 
movement. No trouble need be experienced in the final exhaust 
closure point. In the sketch the marking is indicated to go on 
the center of the flywheel, that is, directly above the center line 
of the crankshaft. This is not necessary, the marks may be put 
anywhere desired, on the cylinder center line or elsewhere. A 
pointer of sheet metal should be made and fastened on the engine 
case somewhere, preferably under the nuts of the rear cylinder 
bolts, so as to point to the marks. 

Two typical valve timing diagrams, one for a four cylinder^ 
engine having a flywheel diameter of 15^ inches, the other of a six 
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Fig. 153. — ^Typical Valve Timing Diagrams for Four and Six Cylinder Bn g lniw, 
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cylinder engine are given at Fig. 153. In the diagram at the 
left, which is that of a four cylinder motor having a firing order 
of 1 — 3 — 4 — 2, the points of valve opening and closing are not only 
indicated in degrees but also by the equivalent dimensions measured 
on the flywheel periphery. In the six cylinder engine diagram 
shown at the right the points are indicated measured in degrees. 

In studying the table presented, it should be remembered 
that there are many conditions upon which valve timing depends, 
and a formula correct for one motor would not necessarily be 
satisfactory for another of the same size. In all cases, the inlet 
valve opens after the piston has reached the end of its exhaust 
stroke, the lag depending upon the size of the valve, shape of cam 
and motor speed desired. Most designers do not open the inlet 
valve until the exhaust is fully closed, but there are some who al- 
low the valves to overlap; that is, the inlet valve starts to open 
before the exhaust is fully closed. It should be remembered that 
exhaust closing and inlet opening occur approximately after that 
point in the cycle w^here the piston reaches the end of its second 
up stroke. The inlet valve closes after the bottom of the suction 
stroke is reached, good practice being a lag of between 30 and 40 
degrees crank travel. The exhaust valve opens before the piston 
reaches the end of its down stroke under the influence of the ex- 
plosion. The lead may be as high as 60 degrees crank travel be- 
fore center, but this is an extreme case. Good average practice is 
covered in the range between 40 and 45 degrees lead. 

The reason for having the exhaust valve closing and inlet valve 
opening overlap is that this takes advantage of the momentum of 
the exhaust gas and results in clearing the cylinder more positively 
than if the valve closed absolutely on center. During the final 
period of valve closing but little space is present for the escape of 
gases. If the valve closed positively on upper dead center, the area 
of the port or passage w^ould be small for an appreciable upward 
movement of the piston when it neared the top of its stroke, and 
more inert gas would be retained in the cylinder than if the valve 
was closed after the piston starts down on the intake stroke. 

The following table outlines the v^lve timing of a number of 
standard American automobile motors. 
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VALVE TIMING OF SOME TYPICAL AMERICAN CARS 
FROM S.A.E. DATA SHEET, No. 53, VOL. I ' 


Car 

Intake 

Opens 

Deg Min 

Intake 

Closes 

Deg Min 

Lxhaust 

Opens 

Deg. Mm. 

Exhaust 

Closes 

Deg. Mm. 

Abbott, 34-40 

11 30 

49 12 

48 

11 30 

Abbott, 44-50 , j 

17 53 

29 25 

42 36 

8 20 

Cadillac, 1914 

4 20 to 14 20 

38 26 

31 34 

7 00 

Case, 40 

13 00 

30 00 

50 00 

13 00 

Chalmers 

12 00 

S3 00 

55 00 

12 00 

Chandler Six 

14 00 

39 00 

49 SO 

12 00 

Chevrolet C 

13 00 

49 00 

47 00 

9 00 

Chevrolet H~2. H-4 

16 48 

54 08 

27 13 

14 06 

Franklin, M No 4 

8 00 

33 00 

51 30 

17 00 

Haynes, 20-27 

5 00 

35 00 

47 00 

2 00 

Haynes, 28 

5 00 

35 00 

37 00 

2 00 

Hupmobile, 32 

21 00 

28 00 

46 00 

16 00 

Jackson, 1911 

15 00 

38 00 

45 00 

10 00 

Jeffery, 6-96 

18 00 

46 00 

47 00 

15 00 

Jeffery, 4-93 

18 00 

46 00 

47 00 

15 00 

King B 

9 44 

30 38 

1 32 10 

5 00 

Lewis Six 

15 00 

30 00 

45 00 

5 00 

Lyons-Knight 

10 00 

40 00 

60 00 

on 

Maxwell, 4-35 

5 00 

40 00 

35 00 

on 

Maxwell, 4-25 

6 00 

32 00 

43 00 

6 00 

Moon, Six 50 ! 

10 00 

28 00 

40 00 

2 30 

Moon, Four 42 t 

14 00 

24 00 

31 00 

21 00 

Oldsmobile, 54 

15 00 

38 00 

45 00 

10 00 

Paige Detroit, 36 i 

9 40 

1 32 30 

41 50 

11 40 

Paige Detroit, 25 * 

9 40 

32 25 

40 30 

12 00 

Pathfinder Little 6 

10 00 

28 00 

40 00 

2 30 

Reo 

18 00 

36 00 

53 30 

14 00 

Speedwell, ABC 

10 00 

28 00 

40 00 

2 30 

Velie 

7 00 

36 00 

43 00 

12 00 

V ulcan 

15 00 

30 00 

45 00 

10 00 


\Vlien the space between the valve stem and the valve lifter 
is more than it should be there are two methods of compensating 
for this dei)reeiation. On many small motors no adjustment is 
provided between the valve stem and the valve stern plunger. The 
makers of the Ford car advise drawing the valve stems out until 
the proper space exists between the push rod and the stem. It is 
important when drawing out the stem or lengthening it not to bend 
the valve stem, as this will result in the valves sticking, or in any 
event the bore of the valve stem guide in the cylinder will be 
worn unevenly. The clearance between the pushrod and the valve 
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stem should, never be greater than ^ 2 “iiich nor less than % 4 -inch* 
If too much clearance is present the valves will open late and 
close early. If the clearance is less than the minimum there is 
danger of the valve remaining partially open all of the time be- 
cause the valve stem lengthens, due to expansion produced by the 
heat of the explosion. When it is necessary to draw down a valve 
stem this should be done by peening it for about ^-inch above 
the pinhole or key slot. 

It is not a difficult matter to set the clearance exactly as it 
{Should be on those types of engines provided with an adjustment 
screw which may be raised or lowered in the valve plunger or in 
forms having fiber inserts in the top of the valve plunger. These 
inserts are utilized to silence the valve action and may be easily 
removed and replaced with new ones when worn. A simple and 
cheap accessory that can be obtained on the open market can be 
used to adjust the clearance on Ford and similar type motOTB. 
This consists of a number of stamped steel cups that can be piaBhed 
on the lower portion of the valve stem and a number of thin 3 teel 
washers to be interposed inside of the cup and between the bot- 
tom of that member and the end of the valve stei|i regulate 
the clearance as desired. 

Sleeve Valve Motors. — A number of automobile manufacturers 
have adopted the Knight sleeve valve motor as a power plant. 
‘The same instructions that have beeu^^ven regarding the time of 
opening and closing of the valves of other motors also apply to 
this form in a limited degree. The only possibility of losing the 
timing on the sleeve valve motor, which is shown in section at 
Figs. 154 and J55, is by faulty setting of the sleeve operating 
crankshaft, in its relation to the main crankshaft. If the timing 
is altered by depreciation of the bearing in the sleeve operating 
links they may be refitted; the lower or rotating bearings which 
would be more apt to wear than the upper or oscillating bearings, 
are of the same marine pattern as is generally used in the main 
connecting rod. This means that any depreciation may be reme- 
died by fitting the bearing caps closer to the connecting rod and 
scraping or reaming to fit. 

In order to clearly the appearance of the various parts 



Sleeve Vdhe Motors 


811 



Tig. 154,— Sectional View of Knight System Sliding Sleeve Valve Motor. 
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sleeve valve mechanism the views at Fig. 156 are presented. 
At A, the cylinder heads which have just been removed from the 
cylinder block B, are depicted. The connecting rod, piston and 
the two sleeve valves in one assembly just as it is removed from 

the cylinder interior is 
shown at C. The pis- 
ton and connecting rod 
removed from the in- 
terior of the inside or 
long sleeve is shown at 
B, the inside or long 
sleeve is outlined at E, 
and the short sleeve is 
shovTi at F. It will be 
apparent that the gas 
passages which are in 
the form of slots cpt 
into the upper portion 
of the sleeve walls are 
not apt to change in 
size except the very 
small amount due to 
the deposit of carbon 
in the port openings. 
Obviously they may be 
restorf^d to full size by 
scraping away tliat ma- 
terial. 

The illustrations at 
Pig. 157 will show 
clearly the relation of 
the two sleeves and 
the cranks operating 
them, while the series 
of views at the right 

Fig. 156 . — Showing Application and Method ^ show the way the 

of Operation of SUding Sleeve Valve. various ports register 
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to provide a clear passage for the ingress or egress of the gases*, At^ 
A, the piston is shown at top center, the exhaust ports have just 
closed and the inlet ports are just about to regist< r and permit the 
gas to flow into the cylinder as the piston descends on its suciion 
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Fig. 156. — Parts of Sleeve Valve Cylinder Assembly. 


stroke. At B, tln' ])iston is seen nearing the end of its stroke and 
the inlet ])ort is fully open. The exhaust port is completely closed. 
At C, IS shown the end of the intake stroke with the inlet ports 
just closing. The view at D, shows the piston at the end of its 
compression stroke with both inlet and exhaust ports closed. At 
E, the piston has gone down the greater portion of its power stroke 
and the exhaust openings in the inlet and outer sleeves are just 
beginning to meet and register with the exhaust outlet port in the 
cylinder. At F, tlie exhaust port is about half open, at G, the ex- 
haust port is fully open. The piston and crank position at H, in- 
dicate the closing of the exhaust port. The inner and outer sleeves 
therefore, cannot vary in timing which is determined by the dis- 
position of the throws on the sleeve operating crankshaft. If for 
any reason the proper relation of rotation between the main crank- 
shaft and the member operating the sleeve valves is lost one may 
begin at cylinder No. 1 and time the engine in somewhat the .same 






Fig. 157. — Operation of Knight Slide Valve Moto^^ Showing Action of Sleeves for Opening and Closing 

Cylinder Ports. 
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manner as the poppet valve motor is timed. The instructions given 
for setting the sleeve valve of the Lyons-Knight iBotar are; the^ 
intake opens 10 degrees after top dead center and closes 40 de- 
grees after the bottom dead center. The exhanst valve opens 60 
degrees crank travel before the piston reaches fh 3 en^ of its power 
stroke and closes on dead cent^ 

One peculiar point about'^e sleeve valve- motor in which it 
differs radically from the P^W^t valve type ia *^hat the carbon 
deposits which are very detrin^ptal to proper figjppet valve opera- 
tion are ^id to be actually b^eficial to the (^^ation of sleeve 
valves because the carbon on the sleeves has a lubricating 

value. Instead of endeavoring to prevent carbon accumulation all 
sorts of expedients are tried in the various plants where sleeve 
valve motors are manufactured to assist carbon accumulation. Mr. 
Charles Y. Knight the inventor of this type of motor writes as 
follows regarding the formation and utility of carbon in sleeve 
valve motor operation : 

^‘Providence seems in the case of the sleeve valve to deposit the 
carbon just where it is required, rectifying any small errors in 
clearaiKjes or adjustments or small ring leakages which may have 
crept ii|tp^ the construction. And the user is advised to be most 
careful its removal — not to interfere with the deposit unless 

through extraordinary conditions the character of the ac- 

cumulation partakes of the seale-like formation w^hich upon severe 
use of the motor becomes incandescent, as shown by its brown color 
and projecting scale-like form. Happily, such scale is seldom en- 
countered, and when it may have formed as a result of the cause 
described, the user is advised to remove it, not with the use of 
a sharp-edged metal tool, but by employing a coarse, rough piece 
of fabric, which when rubbed heavily upon the surface to be 
cleaned, wall serve to carry away the loose flakes, which could 
possibly cause self -ignition, without exposing the polished surfaces 
of the head and piston. A carbon deposit upon the cylinder head 
rarely takes the form of scales because of its perfect cooling. 

“My observation leads me to believe that the tendency to car- 
bonize is growing with the lowering in the grade of the petrol 
supplied for fuel purposes. In short, it is my experience, sop- 
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ported by the judgment of many others with whom I am associated, 
that the principal source of carbon deposit is the imperfect com- 
bustion experienced regularly upon the road with all carbureters 
and engines. It is doubtless true that road dust and lubricating 
oil have a considerable influence in the accumulation of carbon 
upon the surfaces of the explosion|||jUamber and head of the piston 
and valves in an indirect manner, A&t the carbon itself, I am con- 
comes largely from imper:^ply consumed fuel. The lubri- 
cating oil furnis^s the moist eleiiq^nt which collects and holds this 
gasoline carbon , from the time of the occasional periods of imper- 
fect combustion until it is thoroughly burned on by later higher 
temperatures under full throttle. 

‘‘Attention is properly called to the fact that the sleeve valve 
engine, while it shows as great thickness of carbon deposit as the 
poppet valve, does not suffer from its presence, and makers of the 
latter are admonished to study the cause of the poppet valve ^s 
serious defect. It is also asserted that the two-stroke engine, as 
well as the sleeve valve, is free from the damaging effects of the 
carbon deposit, but no explanation of this condition is vouchsafed. 

“That the conclusions of these authorities are well based is evi- 
dent from the fact that every ovmer of a sleeve valve motor will 
testify that the power and sweet running of his engiij^© intr^emes 
with use, which fact has caused a great deal of speciiiatioijv .. 

“A limited carbon deposit accomplishes two things: First, it 
increases to a limited extent the compression by reducing the com- 
pression space. Second, the coat of carbon acti^ as an insulator 
and prevents the transmission of heat from the piston top and 
cylinder head, which heat, instead of wasting through these walls 
into the cooling water or base chamber, is put to useful work. In 
the limited extent of this accumulation lies the secret of the non- 
knocking of the sleeve valve motor.’’ 

Timing 8 Cylinder V Motors. — Several cars of 1915 design will 
be found to incorporate 8 cylinder V motors of the general form 
shown at Fig. 159. These have two blocks of four cylinders each 
mounted on a common crankcase and disposed as shown in order to 
reduce the length of the engine. While the power plant shown is 
a French design, the American engines of the same type follow the 
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construction indicated very closely. The best arrangement of the 
cylinders is with the center lines disi)osed at an angle of 45 de- 
grees from the vertical center line of the motor. This indicates 
that the cylinder center lines are separated by an angle of 90 de- 



Fig. 158. — Eight Cylinder V Engine of DeDion Design 


grees. This arrangement makes it possible to operate 16 valves 
with eight cams. The method of valve operation is clearly out- 
lined at Pig. 160, the view at A being enlarged to show the dis- 
position of the valve plunger lifters or cam riders in relation to 
the camshaft. The valve stem clearance may be regulated as d^ 
sired by the conventional pattern of adjusting screws. The same 
instructions that apply to timing a four cylinder motor may be 
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followed in setting the valves of an eight eylinder form, the only 
precaution to be observed is that the cylinders will fire in the 
proper order. 

Views at Fig. 163 show the relative movements of the piston 
for a quarter revolution of the crankshaft. At A, the crankshaft 
position is such that the cylinders on one side are starting to func- 
tion just as would be the ease in a four cylinder motor with the 



Fig. 159. — Rear View of CadiUac Eight Cylinder V Engine InstaUed 

in Frame. 

crankshaft vertical, i. e., two pistons are at the botto|i of the stroke 
and tw^o pistons are at the top. Eoiating the crai^sliaft 45 de- 
grees or Ys of a revolution produces^, the condition outlined at D. 
In this none of the pistons are at the top of the stroke. Rotating 
the crankshaft another 45 degrees gives us the conditions shown 
at C, which is the opposite to that butlined at A. The order of 
firing in the Cadillac motor which is one of the most popular is 
as follows : No. 1 cylinder on the left fires first ; then No. 4 cylin- 
der on the right; No. 3 left and No. 2 right; then No. 6 on the 
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right, No. 7 on the left; then No. 8 on the right, and ’astly No. 5 
on the left. It is possible to have the valves in an eight cylinder 



Fig. 160. — ^How Valves of Cadillac, Eight Cylinder V Engine, are 

Operated. 


motor open in quite a variety of ways as consideration of the fol- 
lowing possible firing orders will indicate : 

POSSIBLE FIRING ORDERS— 8-CYL. V TYPE, 90^ 

1 R — 1 L — 2 R — 2 L — 4 R— 4 L — 3 R — 3 Ii 

1 R — 1 Jj — 3 R— — 2 L — 4 R — 4 L — 2 R — 3 L 

1 R — 1 Ij — 2 R — 3 ILt — t R — 4 L — 3 R — 2 L 

1 R— 1 L— 3 R— 3 L— 4 R— 4 Ir— 2 R— 2 L 

1 R — 4 L — 2 R — 3 L — 4 R — 1 Li — 3 R — 2 L 

1 R— 4 L— 3 R— 3 L— 4 R— 1 It— 2 R— 2 L 

1 R— 4 L— 3 R— 2 L— 4 R— 1 hr-2 R— 3 L 


E indicates right-hand block. L indicates left-hand block. 
Cylinders numbered from front to rear^l, 2, 3, 4. 
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When one cam serves two opposite valves, there is only one 
practical timing, the inlet must open on top center and close 45 
degrees after bottom center; the exhaust valves must open 45 de- 
grees in advance of bottom center and close at top center. In the 
King eight cylinder motor, if we call the first cylinder on the 
right No. 1 , the second on the right No. 2, and so on and the first 
on the left No. 5, the next on the left No. 6 and so on, the firing 
order will be 1, 8, 3, 6, 4, 5, 2, 7, or using the other method where 
each cylinder block is numbered from No. 1 to 4 we have a firing 
order as follows: IR — 4L — 3R — 21/ — 4R — IL — 2E — 3L, the last 
in preceding table. 

How Silent Chains Are Adjusted. — The tendency to employ 
chains for driving the shafts for valve control and for the magneto 
as well as for the gearbox, which originated in England is finding 
some favor in France and America. The techuK^al opinion of 
many experts leans strongly to the idea that all the advantages 
of silent chains can be attained by using miter or herringbone or 
even straight spur gears, if only close attention is paid to the cor- 
rect shaping of the gear tooth cun^es in each case. As a mattei;^, 
of complying with the inscrutable dictates of automobile fashion, 
some activity is displayed, however, among aiitomolule manuflici' 
turers to get the benefit of the experience with the chains which 
has been gained in England. In this respect the precautions which 
must be taken to obviate the effects of that lengthening by wear, 
to which all chains are subject, come in the first line. They also 
constitute the most important objection to the adoption of chains. 
First, a considerable initial stretch must be affected in each chain, 
unless this is done in advance and at some additional cost by the 
chain maker, by running it under load for a short time on a special 
machine established for that purpose, and subsequently the for- 
mal wear of the chain pins and bushings, after the chain has been 
placed in commission in a car, determines a further lengthening, 
much smaller in percentage than the initial stretch but yet large 
enough that it cannot be neglected. 

If a chain is used that is larger than is needed, as on the 
Cadillac eight cylinder V typie engine shown at Fig. 161, it is not 
necessary to provide adjusting means because the chain will not 




lengthen if it is not stressed unduly, the strain being very much 
reduced by using a wide chain having a margin of safety greater 
than usually allowed in components of this kind. Where the 
chain is apt to lengthen due to wear in the link plates and rivets, 
some provision must be made for adjustment. The practice of 
some European designers may be considered of value in this con- 
nection. 

These methods are illustrated in Fig. 162. Armstrong, Whit- 




(A), aB ecceatrii' sleeve adjustment fbr the 

mag&eto shaft giving a maximum of 6 millimeters lateral displa«ev 
Gregoire (B), uses two eccentric sleeves, so that up" or^ 
down movement of tlie pinion can be avoided, probably with a 
view to leaving the valve timing entirely unaffected. 

Chenard-Walcker (C), pushes the whole sprocket pinion 
iifg as well as the baseplate of the magneto outwardly in a recfil 





Tig. 162.~~How Silent Chains may he Adjiated for Wear. 


^^ear movement by means of a drawbdt, locking the adju^e;^ 
jg^ith setscrews, 

V> The method used on the King engines of this form is eleSSrfy 
^^own in accompanying front view of the motor with timing 
^^ase cover removed. A pinion mounted on a slotted plate which 
II adjustable can be moved to take out any slack in the chain 
jiemred. " ^ 

Precautions in Eeassembling Parts. — When all of the essen-^ 
tial components of a power plant have been carefully looked c^r 
and cleaned and all defects eliminated, either by adjustment jpr 
replacement of worn portions, the motor should be reassemjfle^, 
taking care to have the parts occupy just the same relative P|(slr^., 
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Fig. 164. — ^Front View Of King Eight Cylinder Motor. Note Method 
of Camshaft Drive Chain Adjustment. 


tions they did before the motor was dismantled. As each part is 
added to the assemblage care should be taken to insure adequate 
lubrication of all new points of bearing by squirting liberal quan- 
tities of cylinder oil upon them with a hand oil can or syringe 
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pi*0Vided for the purpose. "In adjusting the crankshaft bearings 
tighten them one at a time and revolve the shafts each time one 
of the bearing caps is set up to insure that the newly adjusted 
bearing does not have undue friction. All j^etaining keys and 
pins must be positively placed and it is good practice to cover 
such a part with lubricant before replacing it because it will not 



rig. 165. — Longitudinal Part Sectional View of King Eight Cylinder 
Motor, Showing Important Parts. 

only drive in easier but the part may be removed more easily if 
necessary at some future time. If not oiled^ rust collects around it. 

When a piece is held by more than one bolt or screw, especially 
if it is a casting of brittle material such as cast iron, the fastening 
bolts should be tightened uniformly. If one bolt is tightened more 
than the rest it is liable to spring the casting enough to break it. 
Spring washers, check nuts, split pins or other locking means 
should always be provided, especially on parts which are in motion 
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or subjected t6 a load. Before the cylinders are replaced on the 
engine base, heavy brown paper gaskets should be made to place be- 
tween the cylinder base flange and top portion of the engine crank 
case. The best method of making these gaskets is to tamp them 
out by placing the sheet of brown paper over the mouth of the 
cylinder and directing a series of light blows with a machinists^ 
ball peen hammer against the sharp edges of the casting. This 
will cut the paper exactly to the form of the base flange and cylin- 
der bore. The holes in the flange may be indicated in the same 
manner or may be punched through with a steel drift. The same 
process may be used in making irregular shape gaskets of other 
materials such as asbestos or rubber packing. 

Before placing the cylinder over the j:)iston it is imperative 
that the slots in the piston rings are spaced equidistant and that 
the piston is copiously oiled before the cylinder is slipped over it. 
When reassembling the inlet and exhaust manifolds it is veil to use 
only perfect packings or gaskets and to avoid the use of those that 
seem to have hardened up or flattened out too much in servic^,|^>If 
it is necessary to use new gaskets it is imperative to employ tnese 
at all joints on a manifold because if old and new gaskets 
together the new ones are apt to keep the manifold from%S^ng 
properly upon the used ones. It is well to coat the thread^ Off all 
bolts and screws subjected to heat, such as cylinder head itnd cx-^ 
haust manifold retaining bolts with a mixture of graphite and 
oil. Those that enter the water jacket should be covered with 
white or red lead or pipe thread compound. Gaskets will l^SSfe 
better if coated with shellac before the manifold or other parts 
are placed over them. The shellac fills any irregularities in the 
joint and assists materially m preventing leakage after the joint is 
made up and the coating has a chance to set. 

In replacing cylinder head packings on cars like the Ford, it 
is well to run the engine for a short while, several minutes at the 
most, without any water in the jacket in order to heat the head 
up thoroughly. It will usually be found possible to tighten down 
a little more on all of the cylinder head retaining bolts after this 
is done because if the gasket lias been coated with shellac the sur- 
plus material will have burnt off and the entire packing bedded 
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down. Care should be taken when using shellac, white or red 
lead, etc., not to supply so much that surplus will run into the 
cylinder, w^ater jacket or gas passages. 

Loose Flywheel. — ]\Iany mysterious knocks, which are often 
attributed to worn bearings are due to the flywheel being loose on 
^ the shaft. In a number of the earlier forms of cars and in nearly 
all marine engines the flywheels are held to the shaft by a simple 
gib key. It often happens that these keys become worn and the 
wheel is slightly loose on its supporting shaft. AYhen the engine is 
reYolvmg at high speed a pronounced thump or knock \m 11 be pro- 
duced because of the hammering action of the flywheel u])on tlie 
loose key. The proper remedy for such a condition is to make a 
new key that will fit the keyw^ays in flywheel and shaft and drive 
it tightly in place. In some constructions the flywdieel is in- 
stalled on a taper on tlie^':^rankshaft and in addition to the key 
it is held in place by clamp nuts. These nqfesometimes become 
loose and permit the flyw’heel to back off ‘'IK taper enough to 
produce noise. In iiractically all modern forms of motor the fly- 
w^heel is secured to a flange forged integrally with the crankshaft? 
by means of bolts. It may be possible for the bolts to loosen w’hich 
will permit the flywflieel to rock and to pound the holes out oval. 
This condition is easily remedied by reaming or drilling the w^orn 
holes to the next largest standard size and to fit larger bolts to 
correspond. 

Two Cycle Motors. — This form of pow^er plant has received 
but limited application in automobiles, but the repairman may have 
occasion to investigate irregular action of some old model car 
using this type of motor or may be called upon to repair a marine 
engine of this type. It wdll be evident that a wmrn cylinder, piston 
rings or piston will result in the loss of compression as in any motor 
and that loose connecting rods or main bearings wull produce noisy 
operation just as in the four-cycle type. In the two-cycle motors 
there are other conditions to be looked for besides those involving 
normal depreciation of the mechanism. There are two chambers 
to keep tight instead of one as in the four-cycle type. In the two- 
cycle form it is not hard to maintain compression in the combustion 
chamber because there are no valves to leak and the only chance 
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Fig. 167. — Packard Siz*’ Motor, Latest Power Plant Development. 
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Fig. 168. — End Sectional View of Packard “Twin Slx“ Motor, Showing 
Arrangement of Cylinders. 
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for escape is by worn piston rings. It is imperati'^^e, however, that 
a certain amount of compression be maintained in the crank case 
of most two-cycle engines because the degree of compression in the 
crank ease determines the rapidity of transfer of explosive gas 
from the base where it is first received to the ^.ombustion chamber 
where it is exploded. Because of this the main bearings demand 
more attention than do tliose of a four-cycle engine because they 
must be fitted so well that there is no possibility of leakage through 
them. Similarly the packings between the cylinder and engine 
base and between the crank case halves must be carefully main- 
tained. In examining the piston and cylinder care must be taken 
to remove any deposit of carbon from the baffle plate or deflector 
which is usually east integral with the piston top, as any sharp 
point or corner would remain incandescent and would cause either 
base firing or premature ignition. Base firing is generally pre- 
vented by making the charge from the crank case pass through 
wire gauze in the by-pass passage. This prevents the flame igniting 
the explosive gas in the engine base because practically all of the 
heat is abstracted from any heated gas as it passes through the 
mesh of the screen. These screens sometimes become clogged with 
oil and reduce the speed of gas flow and consequently diminish the 
power output of the motor, the remedy is a simple one as it in- 
volves only the removal of the clogged screens and cleansing them 
thoroughly in gasoline before replacing. 

The 12 Cylinder V Motor. — The last word in automobile motor 
construction is the ''Twin Six’" motor shown at Figs. 167 and 
168. This is very much the same in construction as the eight cylin- 
der forms, one marked difference being in the angle between the 
cylinders which is 60 degrees and in the use of crankpins wide 
enough so connecting rod big ends of tw’o opposite cylinders may 
be placed side by side. Except for the multiplicity of parts which 
involves slight structural changes, the same instructions given for 
the repair of the simpler four cylinder engines apply to similar 
components of the eight and twelve cylinder power plants. 
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COOLING, CAEBUEETTON AND LUBRICATION SYSTEM FAULTS 

Overheating — Systematic Location of Troubles — Deposits in Eadiator and 
Piping — Cleaning Sand from Water Jacket — Deterioration of Rubber 
Hose — Pump Forms and Troubles — Methods of Fan Adjustment — Lacing 
Flat Fan Belts — Utility of Hose Clamps — Restoring Broken Water Pipe 
— Radiator Repairs — Defects in Carburetion Group — Gravity Feed Sys- 
tem — Stewart Vacuum Feed — Air Pressure Fuel Feed — Air Pump Con- 
struction — Auxiliary Tanks — Exhaust Gas Pressure — Faults in Car- 
buretor Float Chamber — Troubles in Mixing Chamber — How to Test 
Float Level — Effect of Air Leaks — Typical Carburetor Adjustment — 
Kingston — Schebler — Browne — Overland Schebler — Breeze — Stromberg 
Holley — Knee — Zenith — Rayfield — Speed Govei nors — Carburetor Instal- 
lation — Soldering Metal Floats — Emergency Manifold Repair — Simple 
Oiling Systems — Typical Engine Oiling Method — The Constant Level 
Splash System — Forms of Oil Pumps — Where to Look for Trouble in 
Lubrication Systems — Cleaning Sight Feed Glass — Curing Smoking Mo- 
tor — Practical Oil Filter — Requirements of Lubricating Oils. 

The automobile power plant includes various auxiliary systems 
which are essential to motor action, and defects in these groups will 
materially influence the power output and regularity of running 
of the engine. Those tliat are usually grouped together are the 
cooling, carburetion and lubrication systems, because defects in any 
one of these may produce exactly the same effect on power plant 
operation. For instance, if the cooling system is not functioning 
properly this condition will be evidenced by overheating. The 
engine will run hotter than it should if lubrication is not adequate 
owing to friction which produces heating just a*s lack of proper 
cooling facilities will. If tiie carburetor supplies too rich mixture 
the engine will show this condition by running hotter than it should 
normally. 

Systematic Location of Troubles. — ^When a motor overheats it 
is not possible to discover immediately whether the trouble is due 
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to improper mixture proportions, lack of adequate cooling or some 
defective conditions m the lubrication systems. If the motor is 
overheating because the mixture is too rich this can be determined 
by studying the character of the exhaust gases^ If these have a 
pungent odor which not only assails the nostrils but which causes 
the eyes to water as well, and if black sn.oke is issuing from the 
mulBBer one may safely ascribe the overheating to a surplus of fuel 
in the mixture. Overheating is often due to carbbn deposits and 
if these are at fault they may be removed as indicated in the pre- 
ceding chapter. The only way to find out if excessive amounts 
of carbon are present in the combustion chamber is to remove a 
spark plug or valve chamber cap, and judge the amount of carbon 
present by inspection of the cylinder head interior. After one 
ascertains that the overheating is not due to poor mixture or to 
carbon deposits, it is necessary to inspect the various portions of 
the water cooling system and also the means of lubrication em- 
ployed. If an engine is overheating because of lack of oil, it will 
pound much more than if the abnormal rise in temperature is due 
to failure of the water to circulate properly, or to the mixture be- 
ing ricli. Steam issuing from the radiator is considered a symptom 
of defective cooling and is stated to be an infallible indication by 
some authorities. The vriter does not agree with tins view, as any 
motor which is coohnl properly when operating under normal con- 
ditions will often cause the water in the radiator to boil if the 
mixture is rich or if lubrication is jioor. This does not necessarily 
indicate defects in the cooling system, but merely shows that the 
radiation is not energetic enough to absorb excessive or abnormal 
rise in temperature, due to some cause other than a defect in 
cooling. 

The easiest thing to look for when one s sense of smell indicates 
that the trouble is not too rich a mixture is some defective condi- 
tion in the water cooling system. There are two common methods 
of cooling in general use as outlined at Fig. 169. That shown at 
A is the simplest, because the water circulates by a natural prin- 
ciple that heated water will rise because it is lighter than cool 
water. The system shown is used on Overland cars and is the sim- 
plest possible method of cooling when liquids are employed for that 
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purpose. The heated water rising from the cylinders AAAA passes 
through the cast manifold B, to the top of the radiator D. After 
it flows through the radiator and becomes cool it returns to the 
cylinder jacket through the water manifold attached to the bot- 
tom of the jacket. The flow of water is indicated by the heavy 
black arrows, while the draught of cooling air passing through the 



Fig. 169. — ^Methods of Cooling Automobile Engines Outlined. A. — The 
Overland Tbermo-Syplion System. B. — ^Water Circulation by Water 
Pump. 
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radiator is shown by lighter arrows. In order to assure passage 
of air currents through the radiator when the ear is btanding still 
with the engine running, a power-driven suction fan is placed be- 
hind the radiator to draw the air through tlje interstices between 
the radiator tubes. With a simple thermo-syphon sysceni the only 
thing that will interfere with proper circulation of tbj water is 
sediment in the water jacket or manifold, defective rubber hose, 
interruption of fan drive, and constriction of radiator passages. 
In the system of cooling shown at Figs. 169, B, and 170, a pump is 
depended on to promote circulation of the water, and in addition 
to the defects previously enumerated, poor circulation will result 
if the water pump or its driving means are at fault. The complete 
cooling system of the Packard four cylinder car is showm at Fig. 
171, with all important parts clearly outlined. It will be noticed 
that whether the thermo-syphon or pump circulation system is used 
that a cooling fan driven from the engine is considered necessary. 

Overland Model 82 Cooling System. — The cooling system (Pig. 
170) of the Overland Model 82 is pump actuated. The pump is 
located on the left hand side of the motor and driven by the 
magneto shaft, pumping the water from the lower part of the 
radiator through and around the water areas of all cylinders, 
as shown in illustration, into the top of the radiator. It is cooled 
in its downward passage through the radiator and recirculated 
by the pump. The rapidity of circulation of water is governed by 
the speed of tlie motor. The cooling system is therefore positive 
and absolutely reliable in its action. 

The water pump (Fig. 174) is lubricated by means of a com- 
pression grease cup. The pump shaft is drilled in the center so 
that the grease from the one cup supplies both pump bearings. 
This cup should be given a turn or two every four or five hun- 
dred miles. The pump is provided with a drain cock, which 
should be opened about once a week to let all water and accumulated 
dirt run out. This drain cock may be used in conjunction with 
the drain cock on the w^atcr pump inlet elbow to drain the water 
from the cylinders wdien the car is to be stored in cold weather. 
The water pump is packed with asbestos and heavily graphited. 
The glands are countersunk, making the packing conical in shape, 
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thus preventing leakage of water without undue pressure on the 
pump shaft. 

After a new car has been run a thousand miles the stuffing box 
nut on each side of the pump should be tightened a trifle. Cooling 
of the water through the radiator is aided by means of a four- 
blade fan set on the front end of the motor and driven by means 
of a belt from the pump shaft. If the leather b(4t on the 



Fig. 170. — Overland Six Cylinder Engine Showing Cooling System 

Parts. 


fan stretches from considerable use, it may be tightened by loosen- 
ing the stud on the fan bracket and raising the fan enough to re- 
move the slack from the belt. 

Deposits in Eadiator and Piping. — The form of radiator most 
generally used at the present time has a number of very narrow 
tortuous passages through which tlie wmter must pass in going 
from the upper compartment where it is discharged after leaving 
the motor cylinders, to the lower compartment where it collects 
after being cooled and from which it is drawn by the circulating 
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pump. The water used in some localities for cooling contains much 
matter either in suspension or solution which will form scale or 
a powdery deposit in the radiator tubes. It does not take much 
scale to seriously reduce the ratio of heat condi’ction between the 
heated water inside of the tube and the cooling air cpi rents which 



Fig. 171. — The Packard Cooling System, Showing All Important Com- 
ponents. 


are circulated about tlieir exterior As cylinders are generally of 
east iron, a certain amount of rust Mill be present in the water 
jacket, and this also may get into the radiator piping. If an anti- 
freezing solution using some salt as a basis such as calcium-chloride 
is employed, after this has been circulated through the radiator 
and piping for a time it may deposit solid matter in the form 
of crystals in the piping or radiator. Anti-freezing solutions that 
include glycerine may have a chemical action due lo the acid some- 
times found in the cheap commercial grades of glycerine employed 
for this purpose. This chemical action results in the deterioration 
of the water jacket walls, and also contributes to the rust deposit. 
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Cleaning Sand from Water Jackets— In some cases excessive 
heating of an engine has been found to be due to a retention of 
part of the sand core in the water jacket of the cylinder casting. 
This is very apt to be the case if the casting is in such form 
that the water jacket interior is inaccessible. On those types of 
unit eastings where a large side plate is employed to close an 
opening that occupies practically the entire side of a w^ater jacket, 
no difficulty obtains in cleaning out all core sand, but where this 
precaution is not taken and the core supported by prints of small 
size, there is considerable difficulty in clearing the casting in some 
eases. For those not familiar with foundry practice the writer 
may say that the core is that portion which is used in the mold 
to represent tlie space between the cylinder wall and water jacket, 
as it is necessary to use some such filler in the mold wiien jiouring 
the molten metal into the impression left by the pattern to form 
the cylinder. Cores are usually made of fine sand held together 
by binding material, and in some cases with pieces of vire running 
through as a re-enforeernent, the whole being baked to form one 
piece before it is placed in the mold. A piece of this core may 
become lodged in some angle or corner and remain there even 
though the greater portion of the core is removed by the foundry- 
man. This may not become loose until the engine has been m 
use for some time, and then it may be carried into a i)ii)e or open- 
ing and xiartially or wholly interrupt the wat(T circulation. The 
piece of core may dissolve and deposit ctosiderable sand in the 
water jacket which wull collect in some corner w/liere it may affect 
circulation. In order to remove all traces of sand^ where mechan- 
ical means are not practical, an authority recommends a solution 
of hydrofluoric acid and, water, the proportions being about one 
part acid to ten of water. This should be poured into the jacket 
and allowed to stand over night, which will loosen the sand or 
dissolve it. The cylinder jacket should be thoroughly drained and 
all traces of the acid removed by flushing thoroughly with hot 
water under pressure. Hydrofluoric acid is the only one that will 
attack sand, and it is well to remember that it has the same effect 
on glass which is usually indifferent to the action of the other 
common acids. Care must be taken, therefore, to keep it in the 
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special rubber container, in which it is received from the chemical 
supply house. While this chemical will also attacifc the met^l of 
which the cylinder is composed, the diluted solution recommended 
will have no material effect in the short time ^required to thoroughly 
dissolve the sand. 

It is not advisable to use the diluted acid in the ^vater spaces 
of the radiator, as the brass or copper used in this part of the 
cooling system is much thinner than the material employed in the 
water jacket, and is also more easily attacked by the acid. For 
cleaning out the water spaces of a radiator a solution of potash 
or washing soda may be used. This will cut the rust and some 
forms of scale and will dissolve them or loosen them sufficiently 
so the deposits may be thoroughly flushed out with water or steam 
under pressure. The solution will work more rapidly if it is 
brought to the boiling point before placing it in the radiator. 
The potash solution is also valuable in removing rust from the 
w^ater jacket interior. 

Incrustation is most commonly caused by carbonate of lime 
wdiich is held in solution in some water as a bicarbonate, therefore, 
when the water is heat(‘d the carbonic acid is driven off and the 
carbonate is precipitated in the form of a muddy deposit which 
hardens in the presence of heat into a nonconducting scale in those 
portions of tlie w’ater jacket wdiere the lieat is greatest, and wdiicli 
remains in the form of a pow^dery diqiosit in the radiator tubes 
where the heat is not great enough to harden the sediment. Some- 
times the deposit is sulphate of lime, this also being found in the 
water available in some localities. The reason that w^ater contains 
so many impurities is because it is one of the best known solvents. 
Pure water is never found in nature and can only be obtained 
by a process of distillation. The purest natural w^ater is rain, 
and if this is collected before it touclies the earth it contains only 
such impurities as may be derived from the atmosphere, these con- 
sisting of gases in the open country such as nitrogen and carbon 
dioxide. That falling over towns absorbs quantities of acids and 
soluble salts. Rain water collected near the ocean contains chlo* 
rine. The source of water supply in many communities is some 
river flow ing through- or wdthin a short distance. A large variety 
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Fig, 172, — Part Sectional View of the Packard Centrifugal Water Pump. 
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of substances may be found in- solution in river water, the main 
element being derived from the rocks through which the 
of the springs which have fed the river has percolated. Then, 
again, river water is often contaminated by the drainage of towns 
or of manufacturing establishments situated on the banks of the 
river. Spring waters also contain many salts and minerals. Water 
that has been obtained from ponds is often rich in vegetable matter. 
As it is not practical for the motorist to use (Ji-^tilled w^ater for 
tilling the radiator and water jackets, it is apparent that the 
water obtained from the other sources will contain impurities in 
various amounts. If the water is very hard or contains much 
salt, it will be well for the motorist to save ram water for use in 
the cooling system. The best solvent to use depends entirely upon 
the composition of the water, and as tins varies in all portions 
of the world it is not possible to enumerate the best chemicals for 
removing incrustation or to neutralize the material in solution. 
The advice of a local chemist should be sought in matters of 
this kind 

Deterioration of Rubber Hose. — In order to avoid fracture of 
the water manifolds from vibration, as would be the case if these 
were attached to tlie radiator by nonflexihle metallic connections, 
it IS customary to interpose pieces of rubber hose between the 
radiator and the manifolds as shown at Fig. 169, A, and where 
the manifolds are the built-up form, rubber hose often forms an 
important item of the piping system as sliown at Fig. 171. While 
it IS imperative to use the best quality steam hose for this purpose, 
even this material may depreciate in use. A certain amount of oil 
and grease will find its w^ay into the cooling system, usually from 
the grease cups used to lubricate the water pump bearings. This 
causes the hose to rot inside as the oil has a chemical action upon 
the rubber. Strips of tlie interior lining may become detached 
and may interfere with water circulation by constricting the bore 
of the hose. If anti-freezing solutions containing glycerine are 
Used, depreciation of the hose is inevitable. The best remedy is 
replacement of the defective hose with new, as this material is rela- 
tively inexpensive, in fact, one may obtain special hose connections 
for use on all the popular makes of cars from the large automobile 



idutoftiobile Repairing Made Easy 

supply houses or manufacturers, these being cut the proper length 
and not needing any fitting. 

Pump Forms and Troubles. — In’ the water cooling systems which 
employ a pump to insure positive circulation of the water one 
may experience cooling troubles if the pump becomes inoperative 
for any reason. Tw^o forms of circulating pumps are commonly 
used. That shown at Fig. 172 is a centrifugal form in which the 
M^ater is circulated by the rotation of a multi-bladed impeller in 
the casing, and the design outlined at Fig. 173 is a more fiositive 
form in wdiich two gears are depended on to keep the water in 
movement. In the centrifugal form the water enters the pump 
easing at the center, and is thrown outward by the revolving im- 
peller member, passing out of the case through an outlet pipe at- 
tached to the casing. In the gear pump the water enters the casing 
through either of two openings, and as it cannot pass directly from 
the inlet to the outlet on account of the tight fit of the gear teeth 
and of the gears in the casing, the only way it can flow from, one 
side of the case to the other is by filling the tooth spaces of the 
gears and being carried around from the intake to the discharge 
opening. 

Any condition that would interfere with Rotation of the impeller 
of ^ centrifugal pump or the gears of a gear pump will interfere 
wdth circulation because the water cannot flow by natural means 
when the system is designed with a view of keeping it in irfotion 
by the use of a pump. It is possible for the pump driving means 
to fail, and in fact on many of the early model cars this was a 
very common trouble. At the present time water pumps are driven 
by positive connections with the camshaft, and there is but little 
opportunity for failure of the driving means. If a pump has been 
used for a long time the steel shaft on which the impeller is mounted 
may become rusted enough so that it will be weakened and will 
rupture. Sometimes the key or pin holding the impeller in place, 
on the shaft will shear off, this being very apt to happen if the 
pump becomes filled wdth ice, a not uncommon occurrence in cer- 
tain sections of this country during the wdnter season. 

The continued rotation of the impeller of a centrifugal pump 
or the gears of the gear pump may cause wear in the pump casing. 
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If there is much space between the impeller and the pump casing 
the efficiency of the pump will be materially reduci^J. The only^ 
remedy for this condition is to replace the worn parts with new. 
In the centrifugal pump outlined at Fig. 17^, which is an accu- 



Fig. 173 — S3ctional View Showing Construction of Gear Pump. 


rate representation of the device used to circulate water on Pack- 
ard four and six cylinder cars, it wull be noticed that a filter screen 
is interposed between the intake pipe and the impeller chamber. 
The function of this screen is to remove all sediment from the cool- 
ing water with the object of preventing undue depreciation be- 
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tween the impeller member and the pump casing. In performing 
this function the screen may become clogged up, and will not per- 
mit the water to flow through it as promptly as it should. Provi- 
sion is made for removing the strainer, and this should be taken 
out through the opening left after the sediment plug is removed 
and thoroughly cleaned before it is replaced 

One of the annoying conditions, though not a serious one, that 
is noticed in a water pump is leakage at various points. It is 



Fig. 174. — Sectional View Showing Overland Centrifugal Pump, 


evident that there will be an opportunity for water to escape 
around the driving shaft if the stuffing box is not kept properly 
screwed up. The stuffing box is provided with a flexible hemp 
packing which may be compressed tightly against the shaft by 
screwing dowm the stuffing box nut and which forms an effective 
seal against escape of water. The stuffing box packing needs re- 
newal from time to time in order that it may form an effective seal. 
Other points where a pump may leak are at the packings between 
the pump case or body and pump cover If tightening the re- 
taining screws or bolts does not stop the leaking, a new packing 
must be made to replace the defective one. Pump packings are 
usually of well shellacked cardboard cut to fit the pump casing 
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contour and with the screw holes punched through with a belt 
punch. Sometimes specially prepared rubber packings are used 
for this purpose. 

If the pump IS suspected of being defective the following points 
should be looked at in order. First, the drivnig means between 
the pump shaft and the engine, second, the retaining means for 
driving the impeller of a centrifugal pump or the driven gear of 
the gear pump, third, tlie fit between the gears or impeller and 
the pump casing interior, fourth, the tit between the impeller 
shaft and its bearings, fifth, the condition of the filter screen or 
strainer if a member of this nature is interposed between the pump 
intake and interior. The plunger form of pump, which is wddely 
used 111 marine service because it is self-priming and must lift 
w’ater, and the eccentric rotor forms, are seldom used on auto- 
mobiles. Practically all pumps are eitlier of the centrifugal pat- 
tern showui at Fig. 174 or of the gear pattern outlined at Fig. 173. 

Methods of Fan Belt Adjustment. — If the motor heats up 
when the engine is running and tlie car standing still, it is neces- 
sary to inspect the fan driving means to make sure that this is 
functioning propc^rly and that the fan is turning all the time the 
engine is running, 'Most fans are flat belt driven, and are mounted 
on some form of bracket that will permit of maintaining the fan 
driving belt at tlie proper tension to insure fiositive rotation of 
the fan blades. Some of the most common adjusting means are 
outlined at Fig. 175. At A the fan is mounted on an extension 
from an (*ecentrically mounted piece wdiich may be turned in the 
clamping sup])ort to increase the distance between fan pulley and 
driving })ull(^y centers. In addition to the eccentric, provision is 
made for keeping the fan belt at the proper degree of tension by a 
eoil spring attached to a lever fastened to the fan supporting 
crank at one end and to the supporting bracket at the other. A 
similar method is showui at B, as the fan shaft is carried at one 
end of a bell crank which fulcrums on a supporting member in 
such a way that the tension of the eoil spring on the long arm 
of the bell crank keeps the fan belt tight. At C the fan support- 
ing standard is of tubular form and may be raised or lowered 
m the socket at its lower end. When the proper degree of ad- 
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Fig. 176. — Methods of Adjusting Fan Belt Tension Outlined. 
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justment is secured the fan support may be firmly clamped in 
position. At D the fan is carried by a simple lever which swinge 
about a boss attached to the cylinder. In order tO alter the faA 
belt tension the clamp nuts may be loosened and the lever swung 
over until the belt is properly tightened. This adjustment is re- 
tained by tightening the clamp nut. Another application of the 
eccentric principle is shown at E, while another form of swinging 
supporting lever is outlined at P. The method G Is distinctive 
and very accurate adjustment of the belt tension may be secured. 
The fan hub rotates on one end of a lever which swings on a 
hinge formed integrally with the water manifold. Adjustment 
screws are provided at each side of tlie hinge to regulate the 
height of the fan. To tighten the fan belt the adjustment screw 
nearest the fan must be screwed down to raise the fan supporting 
lever, while that at the other end must be screwed out the same 
amount as the other is screwed in. When the proper degree of 
tension is obtained the adjustment screws may be locked with 
suitable check nuts. 

Lacing Flat Fan Belts. — Lacing a fan belt is not a difficult 
operation, but unless care is taken in performing the work it is 
not easy to obtain a joint that will be neat and enduring. Certain 
preliminary precautions are necessary, an important point to ob- 
serve being to make sure that the approximate edges of the belt 
be cut straight and at right angles to the longitudinal edges. The 
holes sliould be puiiclied through ^^i^h a belt punch, should be no 
larger than absolutely necessary, and should be distributed so as 
to weaken the belt the least. Belts used for driving cooling fans 
are seldom wide enough for more than three holes. It is not al- 
ways possible to obtain rawhide belt lacing narrow enough to be 
used with these narrow belts, but it is possible to cut strips from 
the wider lacings such as can be obtained from any machine shop. 
The cutting may be done as indicated at A, Pig. 176, it being 
important that the knife have a very keen edge. The knife should 
be held between the fingers and the palm of the hand so the thumb 
can be employed as a guide to maintain the strip to be cut off of 
regular width. The lacing to be split should be given a preliminary 
cut of about two inches, then the knife should be placed with the 
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point resting on a bench, the blade being inclined slightly to secure 
a good cutting angle. Take hold of the strip to be cut off with the 
free hand, and by pressing the thumb firmly against the edge of 
the lacing and the bench draw the strip carefully upward. When 
the laces are cut, trim the ends to a long, narrow point, so these 
may be inserted in the holes punched in the belt. 

..In lacing a belt, first stick one lacing end through one of the 
, center holes in the belt from the under side, which is the portion 



Fig. 176. — Method of Lacing Flat Fan Belt. 


that will run next to the pulleys. Repeat with the other end of 
the belt lace and draw the ends of the belt together, as shown 
at B. Next place one end down through the side hole at the 
opposite end of the belt and bring it up through the hole on the 
same side of the end of tlie belt, as shown at C Repeat this 
operation with the other end on the other side, as shown at D. 
The last step is to tie the ends of the lacing together at the top 
of the belt and cut oif the surplus material. The three strips on 
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the tinder side of the belt will run parallel to each other and there 
will be no bunching to interfere with smooth running over the 
pulley. Metal belt lacings are sometimes used for this purpose, 
but these are not so satisfactory as the more pliable material, 
owing to the small diameter of the fan pull^^y. While the flat 
belt is the type most generally used, as it is the most serviceable, 
the round section belts are sometimes employed, these running 



Fig. 177. — ^Hose Clamps of Good Design. 


over grooved pulleys, or V belts running in 28 degrees straight 
side grooved driving members. 

Hose Clamps. — The problem of compressing the rubber hose 
connections tightly enough around the manifold and piping of 
the radiator so they will not permit water to escape at the joint 
is difScult to solve unless hose clamps of good design are used to 
compress the hose in firm contact with the pipe. The simplest 
form of hose clamp to have received general application is shown 
at Pig. 177, A. This is made of a band of sheet metal, stamped 
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and bent to the form showm A clamp screw is used to tighten 
the clamp around the hose. While this form is generally used, 
it is sometimes possible to screw these up so tightly that the open 
ends will abut without forming a tight joint. Difficulty is some- 
times experienced with this form when replacing worn hose with 
new in closing the ends enough to catch the nut on the end of the 
damp screw. This calls for the use of a longer clamp screw than 
, 4 l^that ordinarily furnished with the clamp. Another disadvantage 
of the form shown at A is that it will fit but one size of hose. 

The Morgan hose clamp, which is shown at B, has the advan- 
^ tage of being quickly attached and of being used with several dif- 
ferent sizes without alteration. As will be noted by the illustration, 
it includes a flat band and buttress, and a slot in the latter permits 
of quick adjustment. The band is secured by a T head bolt carry- 
ing a wing nut, as indicated. The band is provided with several 
holes for the purpose of fitting different sized hose. The clamps 
come m a variety of sizes and one of the good qualities of the 
design is that no tools are necessary to adjust it. Another form 
of clamp that has the advantage of being adaptable to a nuxpber 
of sizes of hose and which also insures a tight joint is shown at 
The main portion of the device is a stamped buttress whic;b'4ias 
a ^ ire clamp fastened at one end, designed to encircle the hose 
forming a guide in the channel section for the tJireaded end of 
the clamping wire which is guided by it and which is tightened 
by means of a winged nut. These clamps are much superior to the 
cheap form of wire hose clamp used in connection with garden 
hose which calls for the use of a special tool to apply it. Adjust- 
able clamps are necessary because it is imperative to have water 
joints of such a nature that they may be readily broken when 
necessary. 

Eestoring Broken Water Pipe. — In attempting to remove a 
water manifold made of brass tubing from a motor cylinder a work- 
man used a large wrench in endeavoring to unscrew a nut rusted 
in place. The wrench slipped and bent the tubing in the manner 
indicated at Fig. 178, A. The tube was thin and w^as coupled to 
the cylinder by a flange and nut coupling, the pipe being flared at 
the end to seat against a corresponding male member screwed into 
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Fig, 178 .— Illustrating Procedure In Eepairing Damaged Water Manifold. 
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the water jacket, and was held in place by a nut. In a case 
of this kind it is cheaper to make a new piece of pipe for the end 
than to attempt to straighten out the damaged section. The first 
operation was to bend a piece of tubing of the required size to the 
proper contour to form the end of the manifold. The end of 
the tube was plugged with a piece of wood driven tightly in place ; 
the tube was then filled with sand. After heating the tube at the 
s point where it was desired to bend it, it w’as bent to the required 
angle by inserting the end into a hole bored in a hardwood block, 
h^d firmly in a substantial vise as indicated at B. 

The next step after the sand had been removed was to form 
the bell mouth or flare at the end. This was accomplislied as showui 
at C. A piece of hardwood was shaped a gradual taper and driven 
into the tube to expand the end slightly. A short piece of round 
steel rod w^as bent and held in the vise and the tubing was care- 
fully flared out by continual tapping wuth a hammer and keeping, 
the tube turning so hammer blonds w'ere distributed uniforUaly 
around the end. It w^as necessary to anneal the end of the^tube 
several times during the process. When formed to th^ piiioper 
contour it w^as again annealed, and while still hot was dH&wm into 
its final shape by fitting it to the nipple in the cylinder undef 
the pressure produced by screwing the coupling nut down tight. 
The concluding operation w^as cutting off the tubing to the de- 
sired length as it had been left longer than necessary to facilitate 
handling. 

In fitting the end of the tube to the manifold it was decided 
that a re-enforced joint would be superior to any other, and that 
a neat job would be obtained if the re-enforcement was placed in- 
side of the pipe. The end of the tube and the manifold as well 
were carefully squared up with a fine file till they butted together 
perfectly. A piece of brass was rolled into a tube about two inches 
long, the outside diameter being about the same as the internal 
diameter of the tubing. This was carefully cleaned and tinned 
and the inside of tlie tube was similarly treated. The parts were 
heated and the tube used for re-enforcing w^as placed inside of 
the manifold and sweated into place. To make sure that it would 
not move two small holes were drilled through and pins driven 
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' in to prevent movement of parti^. The short bent piece of tubing 
was then heated up and slipped over the re-enforcement until it 
butted against the end of the manifold. To insure that the joints 
would line up the manifold was connected to the cylinder, then 
the ehtire assembly was heated and solder supplied around the 
joints to insure that the sweating operation w^ould be successful. 
When completed, the joint had the appearance shown at D, this 
being a sectional view where the repair was made. 

^^diator Repairs. — Radiator repairing is an operation that re- 
quires more skill than the average motorist or repairman possesses, 
unless the leakage is at a point where it may be easily reached. 
It is not difficult to solder open seams or cracked joints in the 
upper or lower radiator tank portions, but it is extremely difficult 
to seal a leak in the radiator interior, especially if that member 
IS of the honeycomb or cellular construction. AVhen the radiators ^ 
are built, all the joints are treated at the same time by a process 
of dip soldering, in which the entire section is coated with soldering* ^ 
flux and placed into a bath of molten solder wlindi penetrates all 
joints. In attempting to make repairs in the interior of a ifeellular 
radiator by using the usual form of soldering copper, the inexpert 
repairman is very apt to start more joints leaking, unless the irofr 
is very carefully handled, and in many cases the radiator is worse 
than it w^as before. 

A number of compounds is offered for placing in the rad||tfer^^ 
to seal leaks. These are usually of a glutinous nature and sohjSsile 
in hot water, the theory being that the solution will solidify on 
striking the air and seal the crank. Compounds of this nature 
should never be used in a radiator that can be repaired by any other 
means, and are a desperate last resort that the owner or repairman 
has recourse to in making temporary repairs. 

If the leak is not a bad one, and is at a point wdiere it can 
be reached without trouble, it may be sealed as shown at Fig. 179. 
The first step is to empty all w^ater out of the radiator and remove 
that member from the frame so it may be tilted as desired to insure 
that the solder will penetrate to all points of the leaky joints. 
The first operation is to clean the metal adjacent to the leak care- 
fully wuth a very fine file or scraper, as shown at A. After the 
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soldering flux has been applied to all points where it is intended to. 
place solder a very small soldering copper is used to melt enougl^^ 
metal from a piece of wire solder to fill the opening. This is shown 
at B. The reason the small soldering copper h recommended is 
})ecause the large one holds so much heat that other joints may 
be started before the leaky one is properly sealed. The soldering 
copper used sliould have a fine point so it can penetrate into the 
interior of the tube to some extent, if necessary. The final oper- 
ation indicated at C is to remove the surplus metal from the sides 
of the tube witli a fine file. 

If the leak is some way inside of the tube where it cannot be 
reached handily, it is possible to fill that tube up with some quick 
drying iron cement and prevent the leak. This cannot be done 
very often, as if a number of the tubes* are blocked up in this way, 
as is very probable in repairing an old radiator, the available 
cooling surface will be greatly reduced, as there will be no oppor- 
tunity for the air currents to pass through the sealed opening. 
The safest ))lan is to return the radiator to the manufacturer for 
repairs, as few repair shops have the skilled workmen or facilities 
for doing work of this kind. 

Defects in Carburetion Group. — Troubles m the carburetor 
and fuel supply system are usually indicated by overheating of the 
engine if the mixture is too rich by misfiring or irregular opera- 
tion if the fuel is not supplied in proper quantities or by loss of 
l)ower, even though the engine may be running regularly. There 
are a number of points m tlie fuel system where defects may 
materialize besides the carburetor. In fact, the construction of 
these mixing devices has been refined to such a point at the present 
time that very little trouble is apt to exist in the carburetor. In 
order to understand the conditions making for poor carburetion 
we must first study the carburetion system as a whole to see of 
what units this is composed, then the defects apt to materialize 
in the different devices must be enumerated. 

In tracing carburetion troubles the first thing to do is to see 
that there is an adequate supply of fuel in the tank, next to make 
sure that it reaches the carburetor. If the carburetor is provided 
with a drain cock this may be opened up, and after the op^ng 
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is cleaned out with a piece of wire the gasoline should run out 
in a stream the full size of the drain cock nozzle bore. If no 
liquid escapes from the drain, the fuel pipe should be discon- 
nected from the carburetor, taking care to shut olf the fuel valve 
at the tank before this is done, and after the coupling is removed 
the gasoline should be turned on again to make sure that the 
fuel feed pipe is clear. If a good stream of gasoline runs out 
of the feed pipe one may assume that the trouble is at the car- 
buretor. If no liquid issues from the end of the feed pipe, or if 
it drips very slo^\ly, it is reasonable to assume that the supply 
pipe IS clogged and this must be removed and cleaned out either 
by running a fine but stiff wire through the bore or by blowing out 
the pipes thoroughly with compressed air. The trouble may be 
due to clogging of the strainer or filter m the fuel pipe line as 
well as constriction of the pipe bore. 

Fuel Supply Methods, Gravity Feed. — The simplest of all fuel 
supply methods is that in which the gasoline flows to the carburetor 
by virtue of its weight or gravity. Such a system is clearly shovn 
at Fig. 180, which represents the method of fuel iSupply used on 
Ford automobiles. It is necessary that the tank or fuel reservoir 
be carried higher than the carburetor, and that it be placed ii/ 
such relation to that member that even though the tank is nearly 
empty and the car climbing a steep hill, the gasoline will still flow 
to the carburetor. The fuel is carried in a cylindrical tank placed, 
under the front seat in this case, and is joined to the carburetor 
by a length of flexible copper tubing, A sediment bulb is placed 
at the bottom of the tank, this having a shut-off valve to interrupt 
the flow from the tank when desired and a sediment drain cock 
at the bottom through which foreign matter can be drained off 
from the bulb where it collects. Water or grit: is heavier than 
the gasoline and will naturally settle at the bottom of the bulb, 
and as the fuel pipe is attached at the top of the bulb, one is not 
apt to have water or other foreign matter enter the carburetor 
float chamber. As an added precaution, a gauze filter is placed 
at the outlet to arrest any light particles, such as lint, which might 
be floating in the gasoline and which would not settle to the bot- 
tom. The flow from the tank to the carburetor float chamber and 
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Fig. 180. — ^Kie Ford Carburetion Systw. 
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the internal construction of the carburetor itself is so clearly 
shown that further description is unnecessary. 

Sometimes when the tank is placed under the seat and it is 
not possible to place the carburetor low enough to insure positive 
feed at all times, the tank is arranged so that air ])ressure will 
be pumped in to displace the liquid. A system of tins nature 
is shown at Fig. 181, though the pressure piping is not indicated. 
It will be noticed that the bottom of the carburetor and the bottom 
of the fuel container are about on a line when the frame is level. 
If the car is ascending a gradient the carburetor will be higher 



Pig. 181. — Fuel System in which Gasoline Tank is carried Under Front 

Seat. 


than the tank and pressure Mill be necessary to force the liquid 
through the pipe lines. ]\Iany of the 1915 cars have a gasoline 
tank in the cowl at the front, just back of the dashboard When 
this tank location is used it is possible to employ the gravity feed 
system without placing the carburetor very low. 

Stewart Vacuum Peed and Air Pressure Systems. — Cars hav- 
ing power plants of large capacity or those designed for touring 
usually carry more fuel than can be conveniently stored in a cowl 
tank or a container of such size to be placed under the low seats 
now used. There are two methods of causing the gasoline to 
flow from a tank when that member is placed below the level of 
the carburetor. One of these, which is shown at Fig. 182, A, in- 
volves the use of an auxiliary tank placed on the dash higher 
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than the carburetor, wliich holds a re]aj:ively smalL^nantity of 
gasoline and which is supplied from the main fiie*ank either 
by suction feed as at A, or by air displacement "'as at B. The 
system outlined at the top of the illustration has only been re- 
cently placed on tlie market, but is used on many of the latest c^s. 
It is known as the Stewart vacuum gasoline feeding system and 
calls fpr the use of a special form of auxiliary tank which is shown 
in section at A, Pig, 184. 

There are some disadvantages to the pressure feed system shown 
at Pig. 182, B, where the pressure in the tank is maintained to 
a certain point by a power air jiump. If the pressure rises too 
liigh, on account of the safety valve sticking, for instance, the 
excess pressure is apt to cause the carburetor to flood, and even 
if the carburetor does not overflow, the high pressure often results 
in excessive consum{)tion of gasoline. Then, again, it is important 
that there be sufficient pressure all the time to insure a constant 
supply of gasoline. If a leak starts or tlie garage man neglects 
to screw the tank filler cover down tightly after replenishing the 
supply, it may be impossible to get gasoline to the carburetor. 
In addition to a power driven pressure pump or exhaust pressure 
regulator, it is necessary to provide a hand pump for raising the 
jiressure after the car has been standing for some time and the 
tank pressure is reduced to such a point that it will not force 
the fuel to the carburetor. 

The best pressure system is that in which an auxiliary tank 
IS used on the dash, a float controlled valve similar to that in the 
carburetor regulating the supply so tliat this tank always has a 
uniform amount of fuel therein w^hich is not subject to pressure. 

An idea of the complete piping of pressure systems in which 
the gasoline is fed directly from the tank to the carburetor instead 
of to an auxiliary tank is shown at Pig. 182, B, as applied to a 
touring car while the parts of a pressure system used on a roadster 
model in which the tanks are carried back of the front seat is 
shown at Fig. 183. It will be apparent that a pressure pipe runs 
to the top of the gasoline tank and that this is joined to a motor 
driven pump as well as to a hand operated plunger pump. An 
air pressure gauge is included in the system in order to indicate 
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182. Fuel Supply Systems, Having the Tank at the Rear of the Chassis. A — The Stewart Vacuum 
Tank System. B — Showing Fuel Supply hy Air Pressure. 
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if the proper amount of air pressure is available the tank. 
From the tank the fuel passes through the usual form of pipe line, 
a separator or filter being interposed between the globe cut-off 
valve and the carburetor. In the system outlined pressure is 
utilized to feed the oil from an oil reservoir to the engifie crankcase 
when the proper valve is opened. Ball check valves are placed 
at the top of the fuel tank in most eases to retain the pressure, and, 
obviously, failure of this valve to seat or a leak either at the 
filler cap or in the pipe line will result in enough pressure loss 
so the fuel feed will be erratic. In event of trouble with the 
fuel feed one should examine the check valves in the power pump, 
the three-way cocks below the hand pump must be inspected, the 
pressure line should be examined at all joints to make sure that 
these are tight and pipes should be looked over along the entire 
length for open seams. The filler cap should also be looked at 
to see that it is tightly screwed down, and that it seats against 
a suitable gasket. 

The construction of the mechanism of the Stewart- Warner 
vacuum system, which is contained in a tank as at A, Fig. 184, is 
not difficult to understand. The container is divided into two 
chambers, the upper one being the compartment in which the 
gasoline from the tank is first received, while the lower one is 
called the emptying chamber and supplies the carburetor. This 
chamber is under atmospheric pressure at all times, and the fuel 
flows from it by gravity only. Atmospheric pressure is maintained 
by a suitable vent pipe as indicated. The upper portion of the 
device or filling chamber is connected to the fuel tank by one 
pipe, and to the intake manifold by another. In order that fuel 
may be sucked from the main tank to the upper chamber, the 
suction valve must be opened and the atmospheric valve closed 
in which case the float is at the bottom of its travel, \Mien the 
motor runs the suction of the piston draws gasoline from the 
main tank and supplies it to the upper chamber. Wlien this is 
filled to the proper height the float rises to the top ; by so doing it 
closes the suction valve and opens the atmospheric valve. The 
suction thus being interrupted, the lower chamber is fiJOled by 
gravity as both chambers are now open to the air. 
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Fig. 183. — The Complete Fuel and Oil Supply System of the National Boadster. 
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Fig. 184. — Two Methods of Forcing Fuel from a Tank at the Rear of 
the Chassis, A. — Sectional View Showing Interior Construction of 
Stewart Vacuum Tank. B. — Sectional View of Typical Motor Driven 
Air Compressor. 

A flap valve is placed at the lower portion of the discharge 
pipe leading from the upper to the lower chamber to prevent the 
gasoline in the lower portion being sucked back into the upper 
part. It takes about two seconds for the chamber to become full 




Fig. 185.~-Stewart Vacuum Tank Applied to Inlet Manifold of Chev- 
rolet Motor. 


down. The only thing that can happen that will permit the vacuum 
to become so low that it will not draw gasoline from the rear 
tank is w^hen the pressure is below four ounces, it being said that 
this condition can exist only when the motor is running below 
600 R. P. M. Mith fully opened throttle. If the car is allowed 
to stand long enough so the low^er tank becomes empty, it is 
claimed that a full supply wall be obtained after the motor has 
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been cranked over four or five times with the throttle closed. 
This system can be installed on any ear and can be placed in a 
very short time without the use of any special tools. The suction 
pipe is tapped into the inlet manifold at a point near to the 
cylinder as possible while the fuel pipe is attached to a member that 
runs to the bottom of the gasoline tank. A screen is provided at 
the end of the fuel pipe to eliminate troubles due to sediment. 
Since the fuel is sucked from the gasoline tank the filler cap need 
not be airtight ; on the contrary, it should be provided with a 
small vent so the fuel tank will be at atmospheric pressure. While 
the usual method of installation is as outlined at A, Fig. 182, 
where the device is placed on the dashboard, some makers mount 
it as indicated at Fig. 185. In this case it is attached to the inlet 
manifold, which means that short suction and fuel supply pipes 
to the carburetor can be used. 

Air Pump Construction. — ^Where the fuel is lifted from the 
main container by air pressure, this is obtained by means of a 
plunger pump in most cases, though sometimes a portion of the 
exliaust gas is by-passed from the exhaust manifold to the tank 
through a special form of pi*essure reducing valve. The construc- 
tion of a typical air pump that may be used for furnishing air 
pressure, and that is adapted for placing at any convenient part 
of the power plant, is shown at Fig. 184, B. In essentials it is not 
unlike a small gasoline engine. A piston having two packing rings 
reciprocates in the cylinder which is provided with radiating flanges 
to assist in cooling. A connecting rod joins the piston to a crank 
pin in the conventional manner. The pump cylinder head is 
provided with two valves, one which opens in when the piston 
goes down to admit a charge of air and which closes as soon as the 
air pressure inside of the cylinder is equal to that of the atmos- 
phere and is termed the inlet valve. This is carried in a readily 
removable cage which screws into the cylinder head. The other 
valve, which is called the outlet check, has an opposite taper to 
that of the inlet valve, and as a result tends to seat tighter on the 
suction stroke of pump. On the compression stroke, however, when 
the air pressure is sufficiently high to overcome the spring resist- 
ance this valve will open and permit the air to flow to the fuel 
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tazik. The troubles with a pump of this kind outside of those due to 
natural wear of the piston, rings and cylinder wall, are invariably 
valve faults. If the inlet valve does not seat tightly, a portion 
of the compressed air will escape back through that member. If 

the inlet valve sticks 
and does not open the 
cylinder will not re- 
ceive enough air. If 
the exhaust check does 
not seat positively the 
pump will not produce 
any pressure, and 
trouble may be experi- 
enced due to leakage 
from the fuel tank, as 
in some cases the 
pump outlet check is 
supposed to retain the 
air pressure in tlie 
main container. 

Auxiliary tanks are 
used with the pressure 
feed system, where it 
is desired to eliminate 
tlie danger of poor 
carburetion due to ex- 
cessive fuel feed re- 
sulting from too much 
pressure in the tank. 
The internal construc- 
tion of a typical aux- 
iliary tank is showm 
at Fig. 186. A needle 
valve admits the gasoline according to the i)osition of the float. 
When this auxiliary tank is empty the float falls and raises the 
needle valve from its seat. This permits fuel to flow into the tank 
from the fuel line. As soon as the proper level is reached the 



Fig. 186. — Sectional View of Small Auxiliary- 
Tank Placed on Dash and Sometimes 
Used with Gasoline Pressure Feed 
System. 
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float rises and seats the needle valve. An auxiliary tank of this 
nature is subjected to the same troubles as the float bowl of a 
carburetor is, for the most part, these are flooding due to improper 
seating of the needle valve, or the float becoming soggy or fuel 
soaked, and troubles apt to result from deposit of sediment that 
will interfere with proper fuel flow. This auxiliary tank is in 
direct communication with the float chamber of the carbureter. The 
feed from the small tank is by gravity as in the Stewart system. 



Fig. 187. — Air Pump for Producing Fuel Flow on Jeffery Four Cylinder 

Car. 


Another form of gasoline tank pressure pump of simple design 
used on the Jeffery automobiles is shown at Fig. 187. This is lo- 
cated on the side of the crank case and is intended to be worked 
by one of the valve lifting earns. The plunger is kept pressed 
against the cam by a coil spring. When in the position shown an 
air inlet in the pump cylinder communicates with the interior by 
means of an annulus machined around the pump plunger and a 
passage drilled in the plunger to communicate with the annulus. 
When the pump plunger reaches the other end of its stroke, which 
is determined by the height of the cam profile, communication is 
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made from the cylinder interior by the annulus which now registers 
with a discharge check of the ball form through which the pressure 
is delivered to the fuel container. It wull be noticed that the pump 
plunger is provided with a number of grooves which are intended 
to act as packing members when filled with lubricating oil. These 
grooves also tend to reduce wear between the plunger and w^alls 
by insuring positive lubricity. 

Exhaust Gas Pressure Regulator. — While the designs of regu- 
lating valves for application to the exhaust manifold vary, that 
shown at Fig. 188 may be considered a good example of conven- 
tional construction. The pressure of the exhaust gas when it issues 
from the cylinder is too great to permit it to be passed directly 
to the fuel tank. Besides, it has considerable heat and must be 
cooled to avoid danger of fire. The exhaust gas enters through a 
suitable inlet in the body of the device which is bolted to the mani- 
fold by a retaining flange, before passing by the check valve it 
must first flow through an exhaust gas filter screen which not only 
is intended to reduce the temperature of the gas but also to pre- 
vent particles of carbon or oil passing from the body casting to 
the cheek valve portion. The exhaust gas pressure is reduced by 
allowing a certain portion of it to escape to the outer air through 
the excess pressure release valve which is kept seated by a coil 
spring. The pressure of this spring may be altered as desired by 
screwing the pressure regulating screw in or out. If the screw is 
turned down the spring is comj)ressed and the gas pressure in the 
fuel tank wull be increased because not so much of the gas will 
by-pass to the air. If the spring pressure is lessened, the tank pres- 
sure becomes less in proportion. The check valve is to keep the 
pressure in the tank from flowing back into the exhaust manifold. 

When a device of this nature fails to function properly one 
may assume that the trouble is due to a clogged exhaust gas filter 
screen which does not permit the gas to pass through it, if the 
trouble is not due to poor seating of the excess pressure release 
valve or check valve. A certain portion of oil will pass through 
with the gas despite the filter screen and this may coagulate around 
the valve seats, either keeping them from seating properly and 
allowing leakage or by retarding their action due to the sticky 
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Fig. 188. — Exhaust Oas Pressure Eegulating Valve of Conventioual 

Form. 
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material or gum between the valve and seating. The first thing 
to look at is the condition of the exhaust gas filter screen. This 
may be readily removed by unscrewing a cap and lifting out the 
screen retaining spring. The drain plug is then removed from the 
bottom of th^ body casting and all the sediment washed out wdth 
gasoline. The check valve and relief valve must also be cleaned 
out and, if necessary, reground to a proper seating. If the car- 
buretor float chamber overflows, due to excess pressure in the fuel 
tank, the pressure regulating screw should be turned back or out 
in order that the release valve will allow more gas to escape to the 
air, this having the effect of reducing the tank pressure. If the 
tank pressure is too low, the pressure regulating screw should be 
turned down to tighten the spring. 

Carburetor Troubles. — There are two parts to tlie usual float 
feed carburetor and either of these is apt to cause trouble. In 
the float chamber any defective condition that will ])re\ent the 
float control valve from seating properly will result in flooding 
which will be evidenced by a rich mixture. If the passage the 
valve controls becomes clogged up then there will not be sufficient 
liquid in the float chamber and the engine will misfire on account 
of the deficiency in the fuel supply. If the float needle valve 
adjusted in such a way that it will close too soon the mixture will 
be deprived of gasoline on account of the level being too low in 
the float chamber. About the only trouble tliat can materialize in 
a mixing chamber is clogging of tlie spray nozzle with dirt or water 
and failure of the auxiliary air valve to open properly. If the 
spray nozzle is constricted, not enough gasoline will enter the mix- 
ture. If the auxiliary air valve opens too much an excessivt* 
amount of air will be admitted in proportion to the gasoline, 
whereas if the valve does not open enough the mixture will be rich. 

How to Test Fuel Level. — After a carburetor has been m use 
for some time, wear may exist at the point of the needle valve or 
at the needle valve seat, or there may be some depreciation in tlie 
fulcrum joint of the lever connecting the float with the needle 
valve. A good way of testing the float level is shown at Fig. 189, A. 
The float chamber of the vaporizer is held in a vise and gasoline 
IS allowed to flow from a small can wdiich is joined to the fuel inlet 
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pipe by a piece of rubber tubing. The gasoline will flow from this 
can into the float bowl and raise the float as the chamber fills. The 
level of the gasoline should be just a little below the top of the 
^nd pipe in the mixing chamber. If the level is too high, this 
will be evidenced by a liquid overflowing at the standpipe, if it 



Fig. 189. — Outlining Method of Testing Carburetor Float Level, Clearing 
Out Clogged Fuel Inlet and Showing Proper Way of Connecting 
Gasoline Pipes. 


is too low this condition may be easily ascertained by inspecting 
the height of liquid in the jet. If one suspects that the jet is 
clogged or that the gasoline feed connection on the float bowl is 
constricted by dirt it is a simple matter to clean the passages out 
by using a compressed air hose as shown at Fig. 189, C. 

The spray nozzle of most carburetors may be unscrewed and 
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removed for cleaning though this will not be necessary if the com* 
pressed air is utilized as showm. The repairman or motorist often 
finds it necessary to remove the fuel feed pipe from the carburetor 
and it is often noticed that after this is replaced a slow leak will 
develop around the joint. It is not difficult to connect tlie coupling 
if this is properly done, but it is important that the nut of the 
coupling is started evenly on the threads of the ,ioints The nut 
is often tightened when it is cross threaded and sometimes, even 
when successfully started it must be screwed all of the way home 
with a wrench due to cramping of tlie pipe. The right and wrong 
ways of connecting a feed pipe are shown at Pig. 189, D and E, the 
former indicating what to avoid while the latter shows the correct 
method. The illustration D, show^s wdiy the novice often fails to 
make a proper connection and succeeds only in marring the first 
two or three threads of the joints. Tlie low er illustration E, shows 
the joint properly made. The secret is to secure ])roper alignment 
of the components before making a connection. If after having 
properly aligned the parts and screw\-d tlie nut fairly tight, the 
joint should leak slightly, do not exert uiidiu^ strain on the union 
in an endeavor to make a tight connection, but loosen it and ajiply 
common yellow laundry soap to the threads and screw^ it back in 
place. 

If a pipe is a short one and there are two couplings, it is well 
to loosen both unions and start the nuts at each end at the same 
time, screwing them down together. In this way a tube bent in 
several places, w^hich tends to shorten it, may be straightened with- 
out straining any of the threads on the joints and bedsides it is al- 
ways easier to center a loose pipe and start the nut (‘orrectly on 
the thread than to try and line up a pipe fastened rigidly at 
one end. 

It is not always necessary to gauge the distance between the 
top of the spray nozzle and the fuel it contains in order to deter- 
mine if the float level is at the correct point. With a 1914 Cadillac 
carburetor, the level of the fuel is tested by removing the bowl 
or float chamber from the carburetor, taking out the spraying 
nozzle and attaching the bowl to the fuel supply pipe. When the 
chamber is held in a perfectly level position the distance from the 
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top of the float bowl to the gasoline should be from .6562 inch to 
.7187 inch. If less than the first named distance, correction may 
be made by bending down the arm A, shown at Pig. 190, B, slightly. 
If the float has to be removed, shellac the screw at B, to prevent 
it working loose when replaced. It is sometimes necessary to 
grind the float controlling needle valve to a new seat. This may 



Fig. 190. — How to Set the Automatic Air Valve and Float Lever in 1914 

CadiUac Models. 


be easily accomplished by using a very fine abrasive, such as grind- 
stone dust. 

With many carburetors an auxiliary air valve is utilized, its 
function being to open as the motor speeds up to supply more air 
to the mixture. The suggestion for testing the air valve of the 
Cadillac carburetor illustrated at Fig. 190, A, is as follows: Re- 
move the small cover over the air valve by taking out tw’^o small 
screws retaining it to the body of the carburetor. Next, take out 
the small split pin near the top of the air valve stem and remove 
the latter complete with stem from the adjusting nut. Hold the 
air valve as indicated in the sketch and measure the distance from 
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the WtJier face of the air valve to the underside of the collar on 
the air valve stem, which should be about 1%6 inches. If the dis- 
tance is more than this it shows that the air valve spring is weak 
and a new one should be substituted 

Relative to the position of the float it is sometimes possible 
that too high a level of fuel is due to the float being heavy, which 



Fig. 191. — Showing Points in Carburetion System where Air May Leak 
In and Cause Faulty Carburetion. 


results wdien it absorbs a certain amount of fuel. This, of course 
applies only to cork floats. Before bending the arm to which the 
float is attached, remove that member and dry it thoroughly. Then 
jgive it one or two coats of shellac. In some types of carburetors 
it is possible to alter the level by adjusting the float and to ascer- 
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tain when this is correct by cojtnparing the level in the glass float 
bowl with a line etched on the float bowl wall. 

Influence of Air Leaks— If any difficulty is experienced in 
throttling down, that is to say, if it is imp ^ssible to nave the motor 
run steady with the throttle closed without usmg a rich mixture, 
one may assume that the trouble is due to air leahs which dilute 
the mixture. There are a number of points" about a motor where 
the leakage may be manifested. The mam points are indicated at 
Fig. 191, A. Air may enter through leaky gaskets either where 
the carburetor fastens to the manifold or where the manifold at- 
taches to the cylinder casting. Leaks at these points are hard to 
detect as they only occur w^hen the piston is going down in the 
cylinder to suck in a charge of gas. Air leaks may also be present 
around the compression relief or priming cocks where they screw 
into the cylinder, at the valve chamber cap threads or around the 
spigot joint of the release cock. Leaks are also apt to materialiise 
around the spark plugs where these screw into the cylinder or be- 
cause of defective packing in the spark plug body itself. Leaki 
at this point will be clearly evidenced by oil deposits around the 
leaky portions or if the leak is serious by a hissing noise. Under 
these conditions it will bo OMdent that unless that carburetor is 
adjusted to supply additional fuel to compensate for the air leak- 
ing in that the motor will rim irregularly and that it will only 
run evenly when speeded up so that the suction draws in the re- 
quired amount of gasolim*. If the mixture is set rich at low speed 
to compensate for the air leaks, it wdll be too rich at high speeds. 

The air leak may be around a defective gasket as showui at Pig. 
191, B, or due to a loosened retaining screw^ winch permits the 
manifold flange to spring aw^ay from the c^dinder to some extent 
or the leak may result from a defective inlet valve stem guide bush- 
ing as shown at U If the exhaust valves do not seat properly, as 
indicated at E, a certain amount of burnt mixture will be drawn 
in from the manifold which will mix with the fresh gas and dilute 
it just as air w^ould. Air leaks may be easily tested by squirting 
oil or soapy water around the points suspected of being at fault. 
If any leaks exist they will be noted by bubbles in the liquid. If 
there is a leak on the suction stroke the liquid wull be drawn into a 
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crelace while the leak Tvill show on the compression stroke by 
blowing the liquid away from the crack because of the escaping air. 

In cleaning a badly sooted spark plug it is sometimes necessary 
to dismantle it. In reassembling, one may fail to screw down the 
packing gland tight enough against the shoulder of the porcelain 
to have that member gas tight. If the leak is around a threaded 
member such as a petcock or valve chamber cap the faulty piece 



Fig. 192. — ^Method of Cutting Inlet Manifold Gasket. 


should be removed and the threads coated with graplute pipe com- 
pound and replaced. If the gaskets or packing members are at 
fault, it is a simple matter to replace them. The air leaks are 
sometimes due to blow holes in a cast aluminum manifold or to 
leaky joints in a brazed, built-up tubular manifold. The only way 
they can be detected when in these members is by painstaking 
search with oil or soapy water as previously outlined for testing 
petcocks and valve chamber caps. 

Cutting a gasket is not a difficult operation if this is to be 
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made of some sheet packing, such as asbestos or rubber* Thb 
methods outlined at Fig. 192 for marking out and cutting a gasket 
by using the manifold itself as a guide, are those generally em- 
ployed by automobile repairmen. The usual location of a gasket 
between the cylinder casting and manifold is as shown at A. At 
B, the method of tamping out the shape of the gasket is clearly 
outlined, thougli better results are obtained by using a ball peen 
hammer instead of the form shown. After the gasket has been 
marked out, if the material permits, such as can be done with the 
rubber packings used under water manifold flanges, it may be easily 
cut to shape by using a sharp chisel in the manner indicated at C. 

Notes on Carburetor Adjustment. — The modern float feed car- 
buretor IS a delicate and nicely balanced appliance that requires 
a certain amount of attention and care in order to obtain the best 
results. The adjustments can only be made by one possessing an 
intelligent knowledge of carburetor construction and must never 
be made unless the reason for changing the old adjustment is 
understood. Before taking up the adjustment of the leading forms 
of carburetors, a few hints regarding the quality to be obtained 
in the mixture should be given some consideration, as if these are 
properly understood this knowledge wdll prove of great assistance 
in adjusting the vaporizer to give a good w^orking proportion of 
fuel and air. There is some question regarding the best mixture 
proportions and it is estimated that gas w ill be explosive in w'hich 
the proportions of fuel vapor and air will vary from one part of 
the former to a wide range included betw^een four and eighteen 
parts of the latter. A one to four mixture is much too rich, w^hile 
the one in eighteen is much too lean to provide positive ignition, 

A rich mixture should be avoided because the excessive fuel 
used wdll deposit carbon and will soot the cylinder w^alls, combus- 
tion chamber interior, piston top and valves and also tend to over- 
heat the motor. A rich mixture will also seriously interfere with 
flexible control of the engine, as it wdll choke up on low throttle 
and only run w^ell on open throttle when the full amount of gas 
is needed. A rich mixture may be quickly discovered by black 
smoke issuing from the muffler, the exhaust gas having a very 
pungent odor. If the mixture contains a surplus of air there will 
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be popping sounds in the carburetor, which is commonly termed 
blowing back. To adjust a carburetor is not a difficult matter 
when the purpose of the various control members is understood. 
The first thing to do in adjusting a carburetor is to start the 
motor and to retard the sparking lever so the motor will run slowly 
leaving the throttle about half open. In order to ascertain if the 
mixture is too rich cut down the gasoline flow gradually by screw- 
ing down the needle valve until the motor commences to run ir- 
regularly or misfire. Close the needle valves as far as possible 
without having the engine come to a stop and after having found 
the minimum amount of fuel gradually unscrew the adjusting valve 
until you arrive at the point where the engine de\eloi)s its high- 
est speed. When tins adjustment is secured the lock nut is screw^ed 
in place so the needle vahe will keep the adjustment Tlie next 
point to look out for is regulation of the auxiliary air sujiply on 
those types of carburetors wiiere an adjustable air valve is pro- 
vided. This IS done by advancing the spark le\er and opening the 
throttle. The air vahe is first opened or the spring tension re- 
duced to a point wdiere the engine misfires or pops back in the 
carburetor. When the point of maximum air supply the engine 
will run on is thus determined, the air valve spring may be tight- 
ened by screwing in on the regulating screw until the point is 
reached wdiere an appreciable speeding up of the engine is noticed. 
If both fuel and air valves are set right, it will be possible to accel- 
erate the engine speed uniforndy without interfering wnth regu- 
larity of engine operation by moving the throttle lever or accel- 
erator pedal from its closed to its wide open position, this being 
done with the spark lever advanced. All types of carburetors do 
not have the same means of adjustment, in fact, some adjust only 
.with the gasoline regulating lever while in others the mixture pro- 
portions may be varied only by adjustment of the quantity of 
entering air. We will now consider the construction and adjust- 
ment of various makes of carburetors that have received general 
application and that may be considered as standard forms. 

Browne. — At Fig. 193, a novel carburetor of recent develop- 
ment is shown in which no adjusting means are jirovided and it 
is said that one size of carburetor will serve all motors, the only 
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change being that of the effective auxiliary valve opening which 
is altered for different motor sizes by the use of a specially con- 
structed busliing placed above the valve. It is claimed for this 
device that it feeds a fuel and air mixture of constant ratio regard- 
less of speed or load. 

The Browne is a single-nozzle carburetor with a conventional 
float arrangement on one side to which the fuel is fed and from 



Fig. 193. — Sectional View of the Browne Carburetor. 


it the gasoline is run to a nozzle located in the throat of a venturi 
passage. The air valve is on the opposite side of the mixing cham- 
ber and m this construction it differs radically from other types of 
carburetors. In action the single nozzle with a 7-degree discharge 
and 30-degree approach feeds the fuel and a primary air inlet 
surrounding this nozzle feeds the air. In addition, the auxiliary 
air valve acted upon, it is claimed, both by the vacuum created 
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etigine suction and velocity of air past the fuel nozzle, feeds 
additional air in the proper proportion to the speed and load re- 
gardless of barometric conditions 

As shown in illustration Fig. 193, the auxiliary air valve is 
located in a chamber w^hich is in communication with the venturi. 
Underneath the valve is a spring by means of which valve return 
is obtained. Above the valve is a bushing with a curved surface 
and as the valve opens or goes downward the valve opening is 
increased. A cover is provided for the valve chamber. Since the 
passage from the valve chamber to the venturi ends at a point in 
line with the nozzle, any vacuum tending to cause fuel flow also 
will act through the passage on the auxiliary air valve, thus open- 
ing it against spring tension. As the vacuum increases the valve 
goes downward, the opening at the top becomes greater and more 
air is allowed to flow between the bushing and the valve. Thus 
the vacuum in the small chamber underneath the valve determines 
the extent of valve opening, and since for a given vacuum there 
IS a definite fuel flow, for each rate of fuel flow^ there is a definite 
valve position. 

In order to prevent fluttering of the valve and an excessively 
rich mixture directly after throttle closing, a ball is placed in the 
passage leading to the vacuum chamber. This ball is made of 
bronze and is slightly raised from its seat. When the air valve 
IS being depressed the ball offers no resistance, but when the valve 
starts to close a resistance is interposed, which prevents fluttering. 
Also, when the air valve is closed suddenly, due to throttle closing, 
there is a tendency for the nozzle to feed too much fuel, due to 
inertia of the gasoline. It is said that the ball retards the move- 
ment upward of the air valve in the same proportion as the fuel 
flow is continued, thus maintaining a constant mixture during the 
period of throttle closing. In order to prevent any dirt getting 
between the valve and the cylinder there is produced, by means of 
the passage at the right of the air valve, a vacuum equal to that 
on the fuel nozzle. This vacuum keeps the joint effectively clear of 
all possible obstruction, it is claimed. 

The priming lever shown, when pulled, depresses the float in 
the usual way. This floods the float chamber, but when the fuel 
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reaches a certain point it overflows through the duct shown, which 
leads to a cuplike portion in the primary air intake. The fuel is 
drawn from this cup through the vertical tube shown into the 
venturi, where it is sprayed by the entering air, which is at high 
velocity. Another feature of the Browne is the float chamber 
drain, which is in the form of a needle valve. This makes a simple 
construction and one quite as effective and more accessible than 
some of the underneath control cock arrangements. 
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Fig. 194. — American Carburetor Designs that Have Eeceived Wide 
Application. A. — Kingston. B. — The Schebler Model E. 


Kingston. — The Kingston carburetor shown at Fig. 194, A, is 
of the pattern having adjustment only by fuel regulating needle 
valve. This is located at the top of the carburetor and screws down 
into the spray nozzle to vary the size of the opening providing 
communication between the interior of the jet and the float cham- 
ber. The auxiliary air supply is admitted by a series of ball valves 
of different sizes, these lifting according to the degree of suction 
to admit more air progressively as the butterfly throttle valve is 
opened and the motor suction becomes greater. This carburetor 
is a very easy one to adjust as the mixture proportions are altered 
by a regulating needle. The float is of cork and controls the small 
needle valve through a simple lever of the first qlass. 

Schebler, Model E. — This is a very popular form of carburetor 
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and has been very widely applied, especially in marine service. 
It was used on many of the early forms of automobiles but has 
been displaced by improved forms. The amount of fuel drawn into 
the mixture is altered by a needle valve located at the bottom of 
the carburetor and which regulates the size of the spraying orifice. 
The auxiliary air supply is controlled by a leather valve which 
is kept seated by a coil spring having a tension regulating screw 
to limit the valve opening. As the tension of the spring is in- 
creased, the valve opens less owing to the augmented resistance of 
the spring. Wlien the spring tension is reduced the air valve will 
open wider and allow more auxiliary air to flow into the mixture. 
It will be noted in both of the carburetors shown at Fig. 194, that 
the primary or mam air opening is not \ariable. This is set to cer- 
tain proportions determined by experiment when designing the 
carburetor. 

Overland-Schebler. — The device outlined at Fig. 195, is one 
of the mast recent developments of the Seliebler carburetor and is 
tlie form used on some models of Overland cars. The internal 
construction is clearly shown at A in the sectional view, while the 
external jiarts are plainly outlined at B. The instructions for 
regulating this carburetor are as follows: First, seat the needle 
valve, which is indicated as A in the sectional view, by turning 
the adjusting screw to the riglit until it stops. Bo not use pressure 
on the screw after it meets with resistance. Then turn it to the 
left about a turn and a half and prime or flood the carburetor by 
pulling on the priming lever and holding it for about fi\e seconds. 
Open the throttle by moving the throttle control lever about tw^o- 
thirds across the quadrant. Start the motor, tlien close the throttle 
slightly, retard the spark, and adjust the needle valve adjusting 
screw in and out until the motor runs at the desired s])eed and 
hits regularly on all four cylinders. When a good adjustment 
has been secured for low speed with the motor running idle do 
not alter the needle valve adjustment any more, but make the 
intermediate speed and high siieed adjustments on the dials shown. 
First adjust the pointer on the intermediate speed dial moving 
from the figure 1 tow^ards the numeral 3, and setting it about half 
w^ay between. Now advance the spark lever and open the throttle 




Fig. 196.— Views Showing Construction of Late Model ScheWer Carburetor. 



,^$ 4 ; Automobile Repairing Made Easy 

80 the roller running on the track below the dial is in line with 
the intermediate speed adjustment dial. If the motor backfires 
with the throttle in this position, and the spark advanced increase 
the gas supply by turning the indicator a little more toward the 3 
, on the dial, or if the mixture is too rich, cut down the gas supply 
by turning the indicator back towards the numeral 1 on the dial 
until satisfied that the motor is running steadily at the intermediate 
position of the throttle. Finally, open the throttle wide and make 
the adjustment with the high speed dial for high speeds in the 
same manner as you have made the adjustment for the intermediate 
speed. In adjusting the carburetor by this method there is a ten- 
dency to give too rich a mixture. Therefore it is advisable when 
making these adjustments to cut down the gasoline needle until 
the motor begins to misfire, and then to increase the fuel supply 
gradually until the motor hits evenly on all four cylinders. The 
auxiliary air valve regulating screw should also be adjusted in 
order to secure the best valve openings for high motor speeds with 
the wide opened throttle. For average running a mixture lean 
in gasoline will give more power and greater speed than a rich 
mixture, but it will be harder to start the motor than if the richer 
mixture is employed. 

Breeze. — The Breeze carburetor, which is shown at Fig. 196, is 
of a conventional pattern having mixture proportion regulation 
by needle valve adjustment for controlling the fuel supply and 
auxiliary air valve springs tension adjustment for Varying the 
air admitted. The needle valve is controlled by an adjustment 
screw at the side of the carburetor in one type which is unscrewed 
to permit the needle valve to rise out of the spray nozzle and 
screwed in to depress it into the spray nozzle opening and cut 
down on the amount of gasoline sucked into the mixture. It will 
be noted that an air shutter is placed in the mouth of the primary 
air opening, the purpose of this being to facilitate easy starting 
when it is partly closed to produce great air velocity by the spray 
nozzle. The Breeze carburetor showm at Fig. 196, B, operates on 
practically the same principle as that outlined at A, except that 
it has a side opening through which the mixture is supplied the 
motor and the gasoline regulating valve is at the top of the car- 
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Tig. 195a. — Views Showing 1916 Model Schebler Carburetor Having Mechanical Interlock Between Air Valve 
and Fuel Regulating Needle, also Dashpot to Prevent Air Valve Fluctuation* 
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biiretor instead of at the side, as is also true of the auxilia^ry air 
valve. The fuel supply is regulated by a metal float which oper- 
ates the lever to shut off the main fuel inlet control valve. 

The following instructions are given by the makers of the 
Breeze carbu^'etors for adjusting their device • Before changing ad- 
justments allow the motor to run awhile, heating it to obtain nor- 
mal conditions. Advance spark about to center ; then open throttle 
very slightly and adjust your gasoline (figured dial) until the 



Fig, 196. — Sectional View Showing Construction of Breeze Carburetor. 


highest speed is obtained with this setting; then open throttle wide 
and adjust the auxiliary air by either raising or lowering the 
adjusting stem on the air valve. If the motor speeds up immedi^A 
ately, auxiliary air is correct; if motor fires back through car- 
buretor on high speed, it indicates excessive air, and adjusting 
stem should be drawn up ; if slow in picking up, it indicates a 
scarcity of air ; in that case, lower the adjusting stem. From three- 
quarters of a turn to a turn and one-quarter is the usual opening 
of the needle valve required. Screwed all the way down it is 
closed. To open it turn backwards. With the throttle and spark 
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stationary, the correct position for the needle valve in any ease 
is that at which the engine runs fastest. 

If, at the highest speed, the motor picks up perceptibly when 
the auxiliary air valve is pushed further open, then more air is 
needed. To adjust the auxiliary air valve, loosen the air valve 
adjusting ving nut, turn the stem to the left to stiffen the spring 
and decrease the air, to the right to weaken it and give more air. 
Be careful, in weakening the spring and giving more air, not to 
weaken it so much that the valve does not seat* Air must not get 
ui on low speeds or starting will he almost impossible. Lock the 
adjustment securely. 

AA'itii the carburetor of the proper size for the motor, as indi- 
cated by the manifold pipe, if enough suction is not obtainable 
to open the auxiliary air valve, with the spring at its lightist ten- 
sion, and the motor at the highest speed, then a smaller strangling 
tube should be used. W"ith the conditions reversed from those just 
described, if the auxiliary air valve spring has to have too great a 
tension to produce the proper results on higher speeds, then a 
larger strangling tube is needed to decrease the suction at that 
point so that the spring can automatically regulate the proper 
amount of air coming through the valve as the throttle opens for 
high speeds. The s])ring in the auxiliary air valve should never 
be of so stiff a tension that with the throttle half way open th| 
auxiliary air valve remains closed. The auxiliary air valve should 
commence to open with the throttle to produce the best results. 
After a cliange of strangling tubes to meet the above conditions, 
it will be n(‘cessary to readjust the gasoline needle valve for low 
speeds. 

To adjust for throttling down the engine to its slowest speed, 
set the throttle on the steering wheel at its lowest point, loosen the 
throttle lever lock screw, and with a screws driver turn the throttle 
stem carefully closed till the engine runs slowly enough to suit you 
The slot cut in the stem shows the way the throttle is set. See that 
all joints between the carburetor and motor are tight. Frequently 
where the motor picks up slowly with throttle open, a weaker 
spring will improve matters. Be sure the primer is on the same 
side of the carburetor as the gasoline inlet, so the primer plunger 
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presses dawn the float lever instead of the float. The float feed 
mechanism is coirectly adjusted before leaving the factory. Flood- 
ing is caused by dirt on the inlet valve seat, or a poorly seating 
inlet valve, resulting from improper handling after carburetor 
leaves factory. Therefore, look for dirt and do not try to change 
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Fig. 197. — Stromberg Two Nozzle Carburetor. 


float level. Never grind inlet valve with emery; this ruins the 
seat and the valve. 

Stromberg. — The Stromberg carburetor shown at Fig. is 'a 
form having two spray nozzles, and with a glass wall float ehaml^r 
carried at one side of the mixing chamber. In this carburetor 4he 
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height of the fuel in the float ehamber may be varied by a float 
level regulation member, and it is not diflSicult to determine the 
proper height as a mark is etched on the glass walls with which 
the level of liquid must coincide. The spray nozzle is provided 
with a needle valve to regulate the amount of gasoline sprayed 
into the mixture. The secondary nozzle is controlled by a needle 
which is raised from its seat when the auxiliary air valve is sucked 
down due to greater suction produced by increased throttle open- 
ing. The valve controlling the auxiliary or secondary jet is lifted 
by a bell crank and the amount of opening relative to the travel 
of the auxiliary air valve is determined by the position of the 
adjustment nut carried on the threaded end of the air valve stem. 
The amount of air valve oiiening is regulated by altering the spring 
tension whicli tends to keep the valves closed. 

A Stromberg carburetor of more recent development, which is 
known as the 11. A., is shown at Fig. 198. In the new Strombergs 
the motor Ls fed the proper mixture below 25 miles per hour from 
the low-speed jet with air from the primary intake and above that 
speed the auxiliary air valves come into action, and with it the 
secondary nozzle, winch is interconnected with the air valve. When 
the car is running less than 25 miles per hour the low^-speed nozzle 
only feeds the fuel and above that speed the dashpot comes into 
play. The jiiston shown is .01 inch smaller than its chamber, and 
the fuel entering must work its way around the piston. Integral 
w|th the piston is a sleeve to which is attached the air valve. 
Within tile sleeve is the secondary needle, which rests upon a seat 
shown and has at its upiier end a button. The spring within the 
sleeve holds the needle in position. Should the air valve open, 
it carries with it the needle and at the same time forces the piston 
downward against gasoline pressure. However, the needle travels 
only through the distance AB. This is true because movement down- 
ward of the air valve carries the needle, but as soon as the button 
strikes the nut B it will stop. While the needle is held stationary 
the valve may continue to move, and so move the seat aw^ay from 
the 

iS^ction the piston compensates for lag in the fuel. That is 
wheJPhe throttle is opened the air valve is not allowed to open 
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quickly, and thus cause poor carburetor action, but instead acts 
against the fuel in the chamber and opens slowly. 

When the fuel is in the chamber and the secondary air valve 
is opened by increased suction, fuel makes its way up through the 
holes at the top of the piston, and thence through the sleeve to the 
tube integral with the air valve. The fuel leaving this tube is 
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Fig. 198. — Lates^^ Model of Stromberg Two Jet Carburetor with DaBh 
iPot Controlling Mt Vidve Movements. 


carried away with inrushing aiixiliary air and forms the high- 
speed mixture. One important feature of this carburetor is right 
in this construction which prevents the secondary fuel spray from 
touching any metal as it leaves the tube, and also getting better 
mixing by having the fuel meet the air which is at high vdocity. 
The primary nozzle adjustment p in the form of the handfe^ shown 
and the secondary by means of the knurled nut at the top3of the 
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air valve. The dash adjustment, a series of levers, not only lifts 
the secondary needle from its seat, but also locks the auxiliary 
air valve, so that on starting the engine gets a good mixture with 
the air supply shut off entirely, provided the primary air intake 
is closed by the butterfly valve. 

Holley.— A form of carburetor in which no auxiliary air supply 
is provided is shown at Fig. 199. This is a concentric float and 
mixing chamber form and the only adjustment possible is by the 
needle valve which regulates the amount of fuel passing through 
the standpipe or spray nozzle. At low engine speeds or when the 
throttle IS closed enough gasoline is dravn from the well I to the 
strangling tube J to insure sufficiently rich mixture to make for 
easy starting or to provide just enough gas for idling the motor. 
A]^ the air must enter through the mam air inlet, and before pass- 
ing out of the mixing cliamber it must flow into the tube L by 
means of the annular passage P, and must brush by the spray 
nozzle M witi^onsiderable velocity, insuring positive feeding of 
fuel due to pronounced suction effect of the rapidly moving 
column (ip ai^wln this carburetor the needle valve is set to pro- 
vide the bed^fc^ixture wlien the throttle valve is fully opened. 
Tlie mixture proportions at all other engine speeds are said to be 
regulated perfectly by the degree of engine suction due to the 
peculiar design of the mixing chamber. 

Krice. — The Knee carburetor, which is shown at Fig. 200, is 
very popular m marine work and operates to some extent on the 
same principle as the Holley carburetor, the difference being mainly 
in the method of spraying the fuel. Instead of a spray nozzle of 
the usual pattern, the gasoline is spread m a thin sheet in an 
annular opening between the bottom of the mixing chamber and 
the gasoline vaporizer, and as all air passing through the air inlet 
must sweep across the face of this vaporizer, it is apparent that' 
it will become impregnated with gasoline vapor. The amount of 
fuel may be regulated by a gasoline adjustment needle, no source 
of auxiliary air being provided. 

Zenith. — The Zenith carburetor shown at Pig. 201 is a type 
utilizing a compound nozzle instead of the single spray nozzle in 
the forms previously described. A sectional view through the mix- 




Fig. 199. — ^Sectional View of Holley Carburetor. 


ing chamber is shown at A, while the arrangement of the float 
mechanism and a sectional view of the compound nozzle is clearly 
outlined at B. The principle of operation is as follows: The ordi- 
nary nozzle, or main jet, is shown at G, and receives gasoline from 
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the float chamber tlirough the channel hole E. It is surrounded 
by tlie cap jet H, which receives gasoline, tlirough channel hole K, 
from a wxll Q, oj>en to the atmosphere. This well Q receives a 
measured flow of fuel through the ‘‘compensator” I, which, as is 
easily seen, is not subjected to tlie suction of the motor, and has, 
therefore, a constant flow. This compounding of two nozzles, hav- 
ing different and opposite qualities, is the main characteristic of 
the Zenith principle, and it giv(\s in this new type the same com^ 
pensation as in the vertical types. 

The slow-speed arrangement used in this type differs slightly 
from the one used previously. It might be termed a “miniature 
carburetor,” and it is made up of the idling tube J, terminating 
in a cone, into wliich the idling jet P can be screwed up more 
or less by means of the knurled adjusting tube 0, the air entering 
through holes in this latter part. The mixture formed at this point 
follows a channel Z, drilled in the carburetor body, which opens 
near the throttle; it is there mixed with the air passing through 
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Fig, 201. — ^View Showing Construction of New Zenith Carburetor, 
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the throttle. When the throttle is only slightly open the suetion 
there is powerful and atomizes the gasoline perfectly. With a 
throttle a little more opened the compound nozzle comes into play, 
and this miniature carburetor has no longer any effect. This slow- 
speed adjustment does not interfere with the action of the car- 
buretor at medium or high speeds. This carburetor finds its appli- 
cation mostly in the ease of monobloc engines where the intake 
passage is cored in and passes in the center of the bloc, from the 
valve side to the opposite side. This construction brings the car- 
buretor at a point which is otherwise unoccupied; it removes one 
obstruction in front of the tappet covers, and, the carburetor being 
liigher than usual, interferes less with the other motor accessories. 
In most cases at least one bend in the intake passages is eliminated, 
and it is well known that a bend creates more resistance than the 
same length of straight path. It shows how hot air, taken also 
through a cored passage in the cylinder, is conveyed to the car- 
buretor. A little flap, actuated from the dash and shown in the 
picture in a full open position, may be partially closed, when all 
the air entering the carburetor will be reheated air ; by pulling the 
control rod completely the flap goes farther and chokes the car- 
buretor, thus causing the formation of an excessively rich mixture, 
wdiich is useful for starting a cold motor in severe weather. 

Rayfield. — The views at Fig. 202 show the Rayfield carburetor, 
that at A being an exterior view showing all parts to be consid- 
ered in making an adjustment while the interior construction is 
clearly outlined at B. To make adjustments on this carburetor 
the following mode of procedure is observed : First close the needle 
valve. This is done by turning the fuel adjustment to the left until 
the screw leaves contact with the regulating cam, which indicates 
that the needle valve is seated. Then turn the fuel adjustment 
screw to the right for about one and one-quarter turns. The motor 
may now be started. For more fuel turn the fuel adjustment 
screw to the right and to decrease the supply turn it to the left. 
This adjustment can only be made at retard or low throttle. Hav- 
ing found the right fuel supply for running slowly, open the throt- 
tle. If backfiring occurs, turn the high speed adjusting screw to 
the right, which increases the supply of fuel at open throttle. To 
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Fig. 202. — Details of the Rayfleld Carburetor. 


deefease the fuel supply at high spe^eds turn the high si)oed ad- 
justing screw to the left. For adjusting the throttle opening use 
a screwdriver to turn the screw in the stop arm. 
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After the right fuel supply has been found for both low and 
high speeds, the throttle should be opened slowly. If backfiring 
should occur between low and high speed turn the automatic air 
adjustment to the left. This increases the tension on the springs 
which control the automatic air valve. The automatic air valve 
adjustment disk is generally set so that the large spring on the 
automatic valve has about ^^-inch play between the adjusting disk 
and the cap. After the above adjustments are made, in order to 
prove that you have proper fuel supply, press with the finger on 
the automatic air valve, allowing the motor to draw in surplus 
air. If motor speeds up this indicates that you should use a leaner 
mixture or that you are not getting enough air. The automatic 
air valve adjustment disk should be turned to the right until the 
motor begins to reduce speed or backfires. Then turn the disk 
back again to the right until the motor runs smoothly. This should 
be done with throttle about one-eighth open. 

Automatic Speed Regulators. — On some forms of automobileSj 
especially those adapted for commercial work, such as taxicabs and 
motor trucks, it is desirable to provide means for keeping the motor 
from exceeding a certain predetermined speed. This is usually 
accomplished by some form of governor acting on the throttle 
which regulates the amount of gas supplied to the engine. Some 
of the governors are driven directly by the motor, others are in 
mechanical connection with some moving parts of the vehicle. 
There are very few pleasure cars at the present time that have 
an automatic speed governing means as the improvement in car- 
buretors has been such that it is possible to secure close regulation 
of the engine by the usual accelerator pedal or hand throttle lever, 
A hydraulic governor is used in some models of the Packard truck, 
this consisting of a chamber carrying a diaphragm against which 
the stream of cooling water from the circulating pump impinges. 
When the speed of the engine becomes too great, it is apparent 
that the flow of cooling water will be more rapid, in which case, 
the pressure against the diaphragm may be sufficiently great to 
close the carburetor throttle and thus reduce the engine speed. 

A form of automatic speed governor which may be mechanically 
actuated by a flexible shaft connection from the vehicle road" wheels 
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or from some rotating part of the transmission mechanism or power 
plant is shown at Fig. 203, This is intended to be carried at one 
side of the intake manifold and regulates the throttle shutter by 
centrifugal force. The drive shaft mounted on ball bearings car- 
ries a governor of such form that as the weights spread apart, due 
to augmented motor speed, they will lift a plunger which raises 
a bell crank that transfers the vertical movement of the governor 
push rod to a horizontal movement of the throttle actuating rod. 
The throttle shutter stem is in the form of a pinion which meshes 
rack carried by the throttle actuator. The function of the 
^H^^ring at the end of the actuator is to keep that member drawn 



Fig. 203. — Centrifugal Governor Used to Cut Bown Gas Supply and 
Prevent Exceeding Predetermined IMlotor Speed. 
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back and the throttle open. When the vehicle speed becomes 
higher than that for which the device is set, the bell crank will 
be raised by the weight actuated plunger and the throttle valve 
closed until the engine speed, which is reduced as the gas supply 
is diminished, slows dowm the fast running vehicle. If desired, 
it is possible to drive the governor from the engine shaft, in which 
case it wo 11 regulate engine speed rather than be actuated by 
the vehicle speed. An adjustment is provided at the top of the 
device by wliich it may be set for various speeds as desired. 

Systematic Location of Carbnretion Faults. — Having once 
learned how^ to adjust a carburetor to supply tlie properly propor- 
tioned mixture for different operating conditions, the repairman 
will realize that he has found a remedy for many motor ills, be- 
cause a large proportion of motor troubles, such as misfiring, back- 
firing in the carburetor, loss of power, etc., are generally due to 
some faulty adjustment. There are, to be sure, a number of other 
troubles likely to occur, and while the symptoms are similar to 
tliose caused by ignition system faults, the operator w^ho is familiar 
w’ith carburetor action should have no trouble in locating them 
quickly and ascertaining positively if tliey are the result of faulty 
carburetor action or due to the ignition system. Taking up the 
various causes which contribute to loss of pow’^er, misfiring and 
trouble in starting the motor, wq have: dirt or w^ater in the car- 
buretor, clogged fuel pipe, obstructed spraying nozzle, clogged gaso- 
line filter, leaky metal float or fuel logged cork float, poor or stale 
gasoline, a loose throttle valve or connection and air leaks in the 
inlet manifold. If the motor refuses to start and the ignition 
system is knowm to be in good condition, the fuel tank may be 
emptied, the gasoline line shut-off valve closed (it may jar partly 
or wholly in the “off’’ position), there may be dirt or water in 
the carburetor or a choked fuel pipe, or perhaps the fuel level is 
too low in the float chamber. As a cold motor and stale fuel are 
the most common hindrances to prompt starting, the first step is 
to prime the carburetor and fill the float chamber with fresh gaso- 
line. Almost every carburetor is provided with a “tickler,” and 
in most cases priming is all that is needed to supply gasoline 
enough to insure prompt starting of the motor. 
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Ifowever, if the motor still refuses to operate the trouble is 
deeper seated and should be found by a systematic search. To 
locate the trouble without undue delay the various parts of the 
fuel system should be examined in turn. First, the tank should 
be looked into to see if it contains sufficient fuel. The filter screen 
of the carburetor should be removed and cleaned, since the fine 
mesh is very likely to become clogged with dirt or lint filtered out 
of the fuel. If the wire gauze is in good condition, examine the 
pipe line for obstruction. Test the supply pipe by opening the 
drain cock under the float bowl of the carburetor: if the pipe is 
(?onstricted, but little or no fuel will be forthcoming. If no gasoline 
issues and there is plenty of fuel in the tank and one is sure the 
, drain cock is not stopped up, it is reasonable to assume that the 
supply pipe is choked and it should be removed and cleared out as 
previously described. If the obstruction is not in the pipe it may 
be located in the shut-off valve, or perhaps in the fuel line filter. 

An obstructed spraying nozzle or jet will sometimes be found 
the cause of trouble, as the opening in this standpipe is very small, 
even a tiny particle of foreign matter will be enough to constrict 
the orifice and so deprive the motor of the proper amount of fuel. 
Flooding the carburetor will sometimes dislodge the obstruction, 
but if it does not the spray nozzle should be removed and a fine 
wire poked through from one end to the other. Compressed ^ 
may be used as previously outlined. Fine particles of lint, some- 
times work through the strainer and collect into a ball, which floats 
about and is drawm into the nozzle by the suction of the engine. 
In cases of this sort the motor will start easily^ but invariably 
commences to misfire, slow dowm, and finally eom^ to a stop. This 
peculiar behavior is caused by the greater suction at high sp^edi 
which draws the foreign matter in the jet and so chokes the bore^ 
but as the motor slows down and the suction decreases the ob- 
struction will fall away from the jet opening. It is sometimes 
possible to remedy this trouble by racing the motor and opening 
the throttle valve suddenly, which will give momentary increased 
suction, often sufficient to suck the particles of lint through the 
nozzle opening 

It may be observed that in those carburetors where no fuel regu- 
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lating means is provided, that the height of liquid in the spraying 
jet is an important adjustment. The repairman should not be too 
hasty about altering the position of the spray nozzle in the mixing 
chamber. If the jet is placed too high the fuel level will be con- 
siderably lower than it should be, and while the nozzle will then 
feed enough gasoline for high speeds, owing to the increased suc- 
tion, the vacuum created at low velocity will not be sufficient to 
draw up the required quantity of fuel. On the other hand, if the 
nozzle is placed too low, the fuel level will be raised unduly and 
the carburetor will show a tendency to flood. As the proper ad- 
justment can be determined only by experimenting, wdien the nozzle 
is so adjusted that the motor will get the proper amount of fuel ^ 
at both high and low piston speeds the spray jet should not be 
disturbed again. The only way it is possible to raise the nozzle 
is by inserting thin w'ashers made of brass or copper shim stock 
between the spray nozzle and its seat. The only w^ay the nozzle 
can be kwvered is by removing the j>acking washers, sometimes 
placed between the nozzle and its seat in the mixing chamber. 
Alteration of nozzle position is work for the carburetor expert only. 

If the repairman notices continuous flooding or dripping of 
the carburetor, tins indicates either a badly seated needle valve, a 
leaking metal float, or a fuel-soaked cork float. If the float control 
valve itself is at fault, this is probably due to poor seating. The 
valvq should be carefully ground in by using a small amount of 
powdered grindstone dust and oil. When doing this work, care 
should be taken to keep the valve stem in a vertical position, and 
when finished both the valve and its seat should be smooth and 
bright. If the valve spindle is bent, remove the float, place the 
bent spindle on a block of w^ood, carefully straighten it with a few 
taps from a light hammer. This applies more to the form of 
valve passing through the center of the float as indicated at Fig. 
201, B, than to the type shown at Figs. 199 or 200. In cases of 
continual flooding examine a metal float for minute holes or leaky i 
seams, which must be soldered up. Owdng to the extreme thinness 
of a hollow metal float, care must be taken to heat the metal as 
little as possible. As instructions wdll shortly be given for repair- 
ing metal floats and finding the leak, no trouble should be experi- 
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enced in making repairs to this member. The use of hard or silver 
solder, which requires a blow pipe or torch, should be left to those 
sufficiently skilled to manipulate the heating member properly. 
In order not to disturb the balance of the float, only a little solder 
should be used, and care should be taken that none drops inside 
the float shell. 

Mention has been previously made of the way a cork float will 
gradually absorb the liquid owing to its porous nature and how it 
will lose its buoyancy when it is fuel soaked. The remedy is a 
simple one, the cork being placed in a moderate oven so it will be 
thc^iighly dried out and afterw^ard it is given a couple of coats of 
s^iellac to make it liquid proof. It will be found that shellac dis- 
solved in grain alcohol will resist the action of gasoline better 
than that dissolved in w^ood alcohol. In some carburetors, the 
float is carried directly by the needle valve spindle, which has 
the valve at the top so that it may close tlie fuel opening when 
the gasoline reaches the proper level If the level is too low the 
float may be shifted on this spindle to rule at a slightly higher 
level which permits the float chamber to fill up more. If the float 
level is too high the float may be low^ered on its spindle in order 
to close the valve sooner or w^hen the float chamber has less gaso- 
line in it. 

A cause of trouble in w^hich no control of the motor may be 
had by moving the throttle lever is due to loose throttle connec-*, 
tion. It sometimes happens that the set screw used to fasten the 
butterfly or disk valve to its spindle becomes loose and allows the 
shutter to shift about and thus partially or w^holly close the open- 
ing. In this case the motor cannot be speeded up. If the,#tltlve 
drops into the pipe in such a way that it does not obstruct it to 
any extent it will be found impossible to slow dowm the motor as 
there is no means of cutting off the supply of gas to the cylinder. 
If the mixture volume is controlled by a sliding shutter as in the 
Schebler model E carburetor, shown at Pig. 194, B, this may 
stick in either the open or closed positions, in one case permitting 
the motor to speed up to its limit, in the other extreme it will pre- 
vent speeding up. Troubles with the throttle valve or connections 
are easily recognized because the motor will refuse to respond to 



Location of Carburetor Troubles 408 

the movement of the hand lever. An uncommon source of trouble 
may be a bit of stray waste left near the intake opening or the 
primary air supply when cleaning the motor. This waste may be 
sucked into the air opening and will cause trouble by reducing 
the amount of air supplied the mixture. Air screens also clog 
with dirt at times. 

It IS a fact well known to experienced repairmen and motorists 
that atmospheric conditions have much to do with carburetor ac- 
tion. It IS often observed that a motor seems to develop more 
power at night than during the day, a circumstance which is at- 
tributed to the presence of more moisture in the cooler nigbt air. 
Likewise, taking a motor from sea level to an altitude of 10,00P 
feet involves using rarefied air in the engine cylinders and at- 
mospheric pressures ranging from 14.7 pounds at sea level to 10.1 
pounds per square inch at the high altitude. All carburetors will 
require some adjustment in the course of any material change 
from one level to another. Great changes of altitude also have a 
marked effect on the cooling system of a car. Water boils at 212 
degrees F. only at sea level. At an altitude of 10,000 feet it will 
boil at a temperature nineteen degrees lower, or 193 degrees P. 

In high altitudes the reduced atmospheric pressure, for 5,000 
feet or higher than sea level, results m not enough air reaching 
the mixture, so that either the auxiliary air opening has to be 
increased, or the gasoline in the mixture cut down. If the user 
is to te continually at high altitudes he should immediately pur- 
chase either a larger dome or a smaller strangling tube, mention- 
ing the size carburetor that is at present in use and the type of 
motor that it is on, including details as to the bore and stroke. 
The smaller strangling tube makes an increased suction at the spray 
nozzle; the air will have to be readjusted to meet it and you can 
use more auxiliary air, which is necessary. The effect on the 
motor without a smaller strangling tube is a perceptible sluggish- 
ness and failure to speed up to its normal crankshaft revolutions, 
as well as failure to give power. It means that about one-third 
of the regular speed is cut out. The reduced atmospheric pressure 
reduces the power of the explosion, in that there is not the same 
quantity of oxygen in the combustion chamber as at sea level; to 
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increase tbe amount taken in, you must also increase the gasoline 
speed, which is done by an increased suction through the smaller 
strangling aperture. 

Frost on Intake Manifold and Carburetor. — This phenomenon 
occurs when the carburetor is delivering a good mixture and there 
is moisture in the atmosphere. The cold of the vacuum in the 
manifold and carburetor, created by the suction stroke of the 
motor, absorbs whatever warmth may exist in the air coming in 
^^pKlMdly that the suspended moisture in the air outside is con- 
and deposited on the outside of the manifold in the same 
way as a pitcher of ice water '^sweats’' in summer. The carbure- 
? tion must be good if this condition takes i)lace. If there is no 
frost on the manifold, the car buret ion may still be good and low 
grade gasoline be the reason for the non-existence of the frost, as 
the poor gasoline wull not evaporate until it comes in contact with 
the hot cylinder walls. While frost is indicative of a good mix- 
ture, still it sliow’s the presence of atmospheric moisture and in 
this w^ay is a warning that the air should be dried out before reach- 
ing the carburetor to obtain the best results from this good mix- 
ture. The easiest and most effective method of drying the air is 
the COLMAC system of a clamp on the exhaust pipe and the air 
conveyed from it to the carburetor through a flexible tube, as 
shown at Fig. 208, A. 

Soldering a Metal Float. — In repairing or making sheet 
floats, such as are used in the gasoline chamber ot the float 
carburetor, one often experiences some difficulty in sealing, |ip the 
small vent which makes the float air and liquid tight. When a 
metal float fills with gasoline, it becomes heavier and th^ float level 
IS altered so it is imperative that the fuel be expelled from the 
Interior and the hole sealed. The usual way to ^ this is t6" first 
locate and enlarge the hole through which the fluid reached the 
float interior. To locate a leak, the float is held under the surface 
of boiling water, which evaporates some of the gasoline inside the 
float and evolves a gas which indicates the^Iiole by escaping through 
it, because of the pressure inside the float. The hole is then 
marked, and made larger with a needle drill. Another small hole 
is made in the float so the interior can be thoroughly cleared out 
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by air pressure or by placing the float in an oven where the heat 
will evaporate the gasoline. After the float if emptied, it is neces- 
sary to close up the openings. This may be done with an ordinary 
soldering iron, though most mechanics having the iaeilitie? prefer 
to braze the opening because by this means one car seal it and 
use a minimum of metal, which is not liable 40 upset the balance 
of the float and interfere with the level in the spraying tube. In 
brazing a joint or vent in a perfectly tight receptacle, the job is 
often a failure because the air contained in the float becomes heated 
and produces a pressure that may result in having bubbles in the 



brjfei seal. To make it possible to close the opening in a positive 
mitmer, the copper or brass float may be placed in a box of ice, 
as i^^wn at Fig. 204, this tending to keep the air contained m the 
float%ool despite the heat imparted to the float by the brazing 
flame. 

Emergency Manifold Repair. — It is not difficult to repair a 
leak in a built-up manifold of brass or copper tubing owing to the 
ease with which these materials may be soldered or brazed. When 
the manifold is a casting, as on the engine shown at Pig. 205, it 
is not easy to repair a break if the member is of aluminum whieli 
is the material commonly used for this purpose. While it is not 
impossible to solder aluminum, the necessary solder and flux 
are not apt to be at hand and in addition, the operator must be 
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skilled in order to manipulate the special solder successfully. The 
autogenous process, or oxy-acetylene welding may be employed to 
run new metal in the break and form a permanent repair. All 
shops are not provided with this equipment, even though they 
may recognize its value. In fact, in many small shops there would 
not be enough welding work to make it a profitable investment as 

the value of the oxy- 
gen flame method of 
burning out carbon is 
not generally recog- 
nized. At Fig. 205, 
an emergency repair of 
an inlet manifold that 
had cracked near the 
point of juncture be- 
tween the branches 
and the stem is out- 
lined. This was ac- 
complished by build- 
ing a mold of fire clay 
around the break, leaving a vent at the top through which melted 
babbitt metal was poured to form a ring around the fracture. Tliis 
was made wide enough to act as a reenforcement. After if 
filed off smooth it was not unsightly, and served to 
the rupture. The same system of repairing might be follo m||^p m 
a cast manifold by soldering a band of metal of sufficient ^pjth 
around the fracture. If the manifold is of cast Itnn it be 
brazed, though if of aluminum it cannot be repaired by a Imazing 
process on account of the heat being high enough to melt the mate- 
rial of which the casting is composed. 

Carburetor Installation. — Automobile -repairmen arc often 
called upon to install carburetors of diff(^nt makes from those 
furnished by automobile manufacturers iJr order to remedy some 
real or fancied fault in the original carbureting device. There are 
many old style cars that have sound engines of good design, but 
which do not work efficiently on account of using some obsolete 
form of vaporizing device. The use of a carburetor of modern 



Fig, 205. — Method of Repairing Broken Cast 
Almnmum Manifold. 
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development and an up-to-date ignition system often transforms 
an old engine to one that will give very satisfactory results. While 
the popular makes of carburetors may be secured in sizes that will 
fit the widely sold cars, it is sometimes necessary to adapt a special 
carburetor to an engine for which it w'^as not intended. Perhaps 
the new vaporizing device is larger than the one it is to replace 



Fig. 206. — Showing Conventional Method of Installing Top Outlet 
Schebler Carburetor on Short Cast Aluminum Manifold. 


or the arrangement of the air valve or fioat chamber may be 
such that it cannot be installed in the same way as the one orig- 
inally supplied with the power plant. A typical carburetor in- 
stallation is clearly shown at Pig. 206. It will be observed in this 
case that the cast manifold is of T form, having a very short stem, 
and that the carburetor is placed close to the cylinders. If it were 
desired to replace this member with one of different make it might 
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be diffic'alt to Jiave the new carburetor till exactly the same space 
and bolt to the manifold in the same way as the old one. 

In cases of this kind some rearrangement of parts would be 
necessary and special adapter fittings might be needed. A num- 
ber of these is shown at Fig. 207. Some carburetors have a thread 
cut on the outlet pipe instead of a flange, and if the old device 
were of the flange type an adapter fitting would be necessary to 
enable one to install the new mixer. For instance, if the outlet 
pipfe had a male thread, the female horizontal fitting shown would 
^jecessary. If the outlet pipe were provided with an internal 
iKfead, it would be necessary to use the male horizontal fitting. 
While these are devised for side outlet carburetors, they may be 
used equally well wdth top outlet carburetors having a tlireaded 
outlet pipe. It is sometimes necessary to couple a top outlet car- 
buretor where a side outlet w^as formerly used. In this case tlie 
female vertical fitting would be necessary witli a male threaded 
outlet pipe, while the male vertical fitting w^ould be needed with 
a carburetor having an internally threaded top outlet. Fittings 
of this nature are also made wnth a flange at each end instead of 
w’ith a flange at one end and a thread at the other. It is often 
necessary to use a carburetor slightly larger than that supplied 
with the engine, or vice versa. In this case fittings having a dif- 
ferent size hole at each end are needed. The one illustrated bas 
a 1%-inch standard pipe connection at one end to receive an ext^- 
nally threaded outlet pipe while the flange is the standard 
for a one-inch carburetor. Suppose it is n^wsaapj" to couple a 
carburetor having a flange pointing in one djra^on to a manifold 
in which the flange was at right angles to that on the carburetor. 
In cases of this kind the double flange fitting shown wmuld permit 
of attaching the carburetor to the manifold. While a number 
of standard dimensions have been proposed for carburetor flanges 
and corresponding members on manifolcfe, there is still consider- 
able variance in flange sizes for the same size carburetors. In the 
lower part of Fig. 207 a typical flange is outlined with the di- 
mensions indicated by letters. The dimensions for different sizes 
of Breeze carburetors that correspond to the letters may be clearly 
ascertained from the tabulation beneath the cut. 




Pig, 207. — Showing Adapter Fittings for TT»e in Fitting Oaxlniretors, 
Also Dimensions of Typical Oarlmretor Flange. 
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It is very imfKjrtant when the low grade fuels that are being 
supplied at the present time are used to supply some form of 
preheating arrangement for the primary air m order to insure 
prompt vaporization. While all of the new engines are being fitted 
up in this manner, a large number of cars are in daily use that do 
not have this desirable refinement of detail. When trouble is 
experienced due to the use of cold air, especially in cold weather, 
the repairman may often suggest the use of the warm air attach- 
ment as a practical remedy for the trouble. A typical attach- 
m^t of this nature is shown at Fig. 208, A. This consists of a 
clamp member adapted to bolt around the exhaust pipe and supply 
the warm air to the primary air intake of the carburetor through 
a length of flexible metallic pipe. These fittings may be obtained 
to fit various sizes of exhaust pipe, and for different carburetors. 
The one shown at A is suitable for the Breeze carburetor, and is 
installed as indicated at E. 

When piping from the fuel tank to the carburetor it is often 
desirable to include a filter or strainer in the pipe line in order 
to prevent dirt from passing into the carburetor. This is another 
refinement that is found on practically all cars of recent manu- 
facture, but which was often omitted on earlier models. Two forms 
of these filtering devices are shown at Pig. 208. That at ,C is a 
form that insures the most positive separation on account of using 
three filtering screens. The gasoline from the tf^k enters the 
intake pipe and follows the course indicated by the arrows through 
the filter screens and back into the pipe line through the outlet 
opening. Any sediment or dirt will collect in the lower portion 
of the device and may be drained off by opening the drain cock. 
A simpler device operating on the same principle is shown at B. 
In this case the gasoline enters the lower portion or settling cham- 
ber, where dirt and water will fall to the bottom on account of 
their weight, and only clean fuel that can pass through the wire 
gauze used as a strainer can flow out of the outlet opening to the 
carburetor. Care should be taken in instailling carburetors to avoid 
using pipe fittings having sharp bends Unless absolutely necessary. 
Very often all the added eflBciency that can be obtained by chang- 
ing carburetors will be lost when installing a new one due to the 
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Fig. 208 .— Illustrating the Use- of Hot Air Connection for Carburetor 
and Breeze Strainers for Use in Pipe Lines. 


use of elbows or other fittings of this nature, which impede the 
flow of gas. While it is unavoidable in some cases, such as when 
a side outlet carburetor is to be adapted to a manifold intended 
only for a top outlet form, endeavor should always be made to 
secure a carburetor of the same general pattern as that removed. 
A mistake made by many repairmen when changing over fuel lines 
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^ to use tubing having too small bore or to use material that has 
seam running its entire length. Only the best annealed soft 
^^^copper tubing should be used for fuel lines, and this must be of 
*5 the seamless form. Hard brass tubing or standard brass pipe is 
apt to crystalline and break, due to vibration, whereas the soft 
^,eopper tubing can be bent more easily to clear parts of the mechan- 
ism or cross members of the frame, and is not liable to kink up 
when bending as the hard tube is. Tubing having J^-inch (.125- 
inch) bore will be satisfactory for small engines such as used on 
motorcycles, but for the range between ten and twenty-five horse- 
the tubing should have at least 54 -inch (.250-inch) bore. 
For larger engines tubing with a bore of inch or ^ inch will 
be sufficient. The piping conveying compressed air or exhaust gas 
to produce pressure in the fuel tank should be larger than that 
employed to convey the fuel, the larger sizes being needed with 
the exhaust gas system on account of its pressure being lower than 
the air stream from a pump. All fittings should not only be 
threaded on, but should be soldered as well to insure tight joints. 
Care should be taken to fasten the fuel pipe to the frame by 
substantial metal clips, so that it cannot vibrate, which may cause^, 
the joints to open up and leak. ^ 

Simple Oiling Systems. — Insufficient lubrication or the of 
poor lubricating oil will produce the same overheating symptoms 
that defects in the cooling system do. There is this advantage: 
when the troubles are caused by poor lubrication, it is very easy 
to trace the trouble owing to the simplicity of practically All 
of the modern methods of engine lubrication# A prominent ojl 
manufacturer claims that all of the lubricating systems in pse 
may be divided into ten classes, as follows: No. 1, simple splash; 
No. 2, constant level splash; No. 3, pump over and splas^; No. 4, 
force feed and splash; No. 5, pump over; No. 6, sepafate force 
feed , No. 7, force feed ; No. 8, full force feed ; No. 9, slide valve 
motor; No. 10, oil fed with fuel. It is contended that the char- 
acter of the lubricating system employed is an important point 
to be considered in selecting suitable grades of oil, but while this 
IS true to a certain extent, it is not necessary to differentiate as 
closely as most oil manufacturers advise between the various sys- 
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Fig. 209, — Simple Oiling Systems That Have Received Wide Use. A — Method of Supplying Xiubricant on 
Early Hupmobile Models. B — Sight Feed Oiling Systems. C — The Constant Level System 

Used on Overland Oars. 





^' 14 ^ Automobile Repairing Made Etuy 

its careful analysis of their published recommendation sheets 
simws the same oil to be recommended for engines having totally 
different lubricating systems in some cases. The writer believes 
%hat it is not necessary to divide the lubricating systems into more 
,f3|an two general groups, these being the circulating'^ system and 
'the ^‘all loss" system. In the former the oil originally supplied the 
container or sump of the motor is used over and over again, being 
circulated to the bearing surfaces in contact by the moving parts 
themselves, or by some positive form of circulating pump. In the 
other , group the crankcase of the motor is filled to a fixed level. 
The lubrication of all parts takes place by splash, and the loss 
is made good by feeding oil into the crankcase from some auxiliary 
source. In the ^^all loss" systems the object is to feed the lubricant 
into the crankcase at about the same rate as it is consumed. After 
oil has been used for a time in a circulating system it is necessary 
to drain off the crankcase and thoroughly clean out that member 
after four or five hundred miles running, as the oil depreciates 
in value as it is used. In the ^^all loss" systems it is not necessary 
to drain out the crankcase as often as in the circulating system, 
because of tlie constant addition of fresh oil. The principal group 
classification may be understood by referring to the simple oilh|g 
systems outlined at Pig. 209, That at A may be eon^te^d a 
good example of an ‘‘all lass" system in which the oil li^Mowed 
to drip into the crankcase from a reservoir to replenish used 
in lubrication. It will be observed that the crankcase is 6iled to 
a certain height and that the connecting rod will dip into the 

oil at the end of every down-stroke of the piston. As it sweeps 

through the oil it throws it about in the engine in^ior, ai^d thereby 
lubricates all moving parts. In order to supply mortal 1 when^tho 
engine speeds up, the oil feed regulating valve is aaapted t|i be 
raised by an inclined plane connected with the throttle aa^t^is 

opened to accelerate the engine speed. This method was on 

some of the early Hupmobiles. 

Another example of an “all loss" system with indi'^'idual leads 
to some of the bearing points from a sight feed lub^eator is shown 
at B. In this case the lubricant is carried in a tSi: from which 
it is supplied to the sight feed manifold fitting;^ displacement 
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against the oil in the 
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Simple OiMng System 

U\ie to exhaust gas or air presHure directed 
l»„k. Tl,e pipe, lead to Waring p„i„„ 
engine cylinders or crankcase in others. Tne ammmt passing 
tlirough may be regulated by adjusting needles at tne top of tlv^ ■ 
manifold fitting. f 

An example of a simple circulating system as shown at Pig;* 
209, C. In this the 
bottom of the crank- 
case acts as a sump or 
oil container. When 
the engine is started, 
a gear pump, which ' 
is positively drneii 
by tlie engine, draws 
oil from the sumj) 
through a pipe con- 
nected to a filtering 
screen. It is dis- 
charged from t h 
pump through a tube 
leadi^.to a sight feed 
fitting, jifUr (dreulatioii 
^'ori the dasli. 
it goes to 
the 

rods, keep- 
ing these filled to a 
constant level, the sur- 
plus oil overflowing 
back into the sump. 

A representative flywdieel splash system is shown at Fig. 211, 
A. In this the bottom of the engine is inclined to form a well 
in which the flywheel runs. In turning, the flywheel projects the 
oil wdiich it lifts by adhesion from its periphery tangentially, due 
to centrifugal force. Part of the oil thrown olf is caught by a tube 
opening into the path of the oil. and is led forw^ard to a main oil 
duct passing first through an oil feed regulator controlled by the 
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^celerator. A portion of the oil from the main duct is conveyed ^ 
to the cylinders, the remainder is directed to the three main 
bearings. Passages drilled into the crankshaft distribute the oil 
from the main bearings to the connecting rod big ends. Part of the 
oil thrown off by the flywheel is deflected against the transmission 
gears by the gear case cover and part flows to a pocket which 
lubricates the universal joint. A pipe leading from the universal 
joint to the bottom of the crankcase insures the return of the 
lubricant to the bottom of the crankcase. 

An ''all loss” system in which the feed to replenish the loss 
is;^ individual leads from a mechanical oiler is outlined at Fig. 
,|ti, B. While this system was formerly very popular, it has been 
practically done away with at the present time, owing to mechanical 
complication and liability of trouble. In this system a main oil 
pump is carried by the oiler casing which serves to house the 
mechanism, and also acts as a container for lubricant. The pump 
supplies the top of the manifold fitting through a mam feed tube. 
The various feeds are regulated by needle valves, and after the 
supply has been set to suit the oil is pumped out of the sight feed 
glasses by individual pumps through leads which go to the cylin- 
ders and to the front and rear crankcase compartment. The idea 
is to set the feed so that oil will be supplied only in such (iu|mtities 
as are necessary to make up the loss. 

At Fig. 211, C, a lubricating system is shown in v h^^Hl js 
pumped from a sump to an external distributing -:;<^ ti8l^^piich 
leads to the main bearings, and which also supplies a limj^bt to 
the crankcase interior. An internal oil feed pipe is also con- 
nected to the pump and is used to fill the troughs into which the 
connecting rods dip. 

The Constant Level Splash System.t*The illustration at Fig. 
212, A, shows very clearly the interior bf an engine in which the 
constant level splash system of lubrication is used. The supply;i»v 
carried in the sump integral with the bottom of the crankcase 
and the height of oil is clearly indicated by an oil level indicator 
which is actuated by a small float submerged into the oil. As long 
as there is suffcient oil in the sump the oil level indicator will be 
at the top of the gauge. As soon as the supply diminishes, the 
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Fig 211 —Oiling Systems for Multiple Cylinder Engines. 
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oil level indicator will follow the movement of the float and will 
sjiow the deficiency in a positive manner. It will be observed that 
the oil level in the crankcase is determined by the position of the 
overflow pipe. This can be moved in such a way as to alter the 
level. The oil is drawn out of the sump by a gear oil pump and 
directed by means of an integral oil duet to the main bearings 
of the engine. 

distributing Pump Systems. — The method outlined at Fig. 
212, B, is a circulating system in which the various bearing points 
are kept lubricated by oil drawn from a sump by a geared oil 
pump, which also combines a distributing mechanism so the oil 
will be supplied to the various bearing points by feeding each 
of the oil leads in turn. Some of the leads go to main bearings, 
others supply the camshaft. The interior of tlie engine is lubri- 
cated by splash as the connecting rods are provided with splashers 
at the lower end to distribute the lubricant around the engine 
interior. 

Forms of Oil Pumps. — The important element of all the cir- 
culating systems is the pump which keeps the oil in circulation. 
Pumps have been made m various forms, the two main types 
used at the present time being the plunger and the gear J)i|mp. 
Various applications and designs of pumps are shown at Pig. 213. 
That at A is a plunger pump, which is actuated by an eccentric 
strap passing over an eccentric on the camshaft. As the camshaft 
revolves the pump plunger reciprocates in the pump b^rel or 
cylinder. Each time the plunger lifts the inlet check valve placed 
directly over the intake pipe opens and oil is drawn out of the 
sump, first passing through the filter screen, until it the 
space in the pump cylinder left by the upward^ movement of the 
plunger. When the plunger descends, a ohi^f^ valve opens and 
permits the oil in the cylinder to pasa out and into a mam dis- 
tributing duct. The splasher or scoop used on most engines and 
its path through the oil in the trough is clearly showm in this 
view. 

The pump form at B is also a plunger pump, but is the form 
where a separate pump is provided for each lead from the mechan- 
ical oiler. The pump plungisr is raised by a cam which is rotated 



WATER SPACES 


410 



Fig. 212. — Sectional View of Engine, Showing Application of Constant Iievel Splash System at A. 
Oiling System Of the Franklin Automobile Shown at B. 
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by worm gearing. When the pump plunger is lifted by the cam 
the inlet check valve opens and permits the pump cylinder to fill. 
On the down stroke the outlet check valve opens and the oil flows 
through the sight feed fitting, from which it is directed to the 
bearing points through separate oil pipes, as shown in the system 
outlined at B, Fig. 211. 

A pump of the geared form is shown at C. This operates on 
exactly the same principle as the water pump of the same pattern 
p^viously described. A feature is the use of a relief check valve 
^nich will permit the oil to by-pass back into the intake portion 
of the pump when the pump is turning at such high speed that 
surplus oil at higher than normal pressure is being supplied. The 
view at D shows the application the mechanical oiler shown 
at Fig. 213, E. This is somewhat similar in principle to that 
shown at B, except that it is simpler in construction. Mechanical 
lubricators of this form are used on some 1911 and 1912 models 
of the Overland car. The pump plunger is actuated by a yoke- 
shaped member, the horizontal section of which rests on a cam. 
The camshaft is turned by mechanical connection with tlie engine, 
and as it rotates it lifts the yoke and the plunger attaeh^jj^;|0;^t 
against the resistance of a yoke returning spring. When the 
ger reaches the top of its stroke, oil will feed into the cyl- 

inder through the two openings which communicate wifl^pe in- 
terior of the lubricator. These openings are automaticall^luut off 
as soon as the pump plunger starts to descend. An exhaust cheek 
plunger opens when the pump plunger de»0e3>ds, and permits the 
oil to flow past it through the feed tube to the motor. The amount 
of oil displaced by the plunger depends upon its effective stroke. 
An adjustment nut is provided which permits one to vary the 
amount the plunger will descend in the pump cylinder, though it 
will always rise to the same height as determined by the earn 
profile. This type of oiler is very satisfactory, and will give but 
little trouble if clean lubricant is used. Foreign material or wax 
in the oil will have a tendency to clog the feed tube, but if this 
should occur it will be indicated by the plunger remaining 
up. The plunger moves up slowly but drops faster, because 
of the action of the yoke spring. It is desirable to have the 
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plunger come down suddenly, as more force is given to the oil 
discharge. 

The lubricating system shown at Fig. 214, A, is that employed 
on the Jeffery four-cylinder motor. As is true of all constant 
level splash systems, the oil container is integral with the bottom 
of the crankcase, the oil is drawn from that part by the plunger 
oil pump actuated by the camshaft eccentric, which forces the lubri- 
qp^it through a duet in the crankcase upper portion from which it is 
^Iprected to camshaft bearings, main bearings and oil troughs into 
’%hich the connecting rods dip when they reach the lower part of 
their revolution. The circulation of oil is indicated by a gauge 
, on the dash indicating the pressure. The amount of oil available 
in the sump or container is indicated by an oil level gauge which 
is actuated by a float raised and lowered as the supply increases 
or diminishes. When it is necessary to supply new oil, this is 
inserted through the breather pipe on the side of the crankcase. 

The system used on Abbott-Detroit motor cars is practically 
the same as that used on the Jeffery except that two oil pumps 
are used. The view at B is an end sectional diagram showing a 
portion of the crankcase and sump. The general arrangement 
the entire lubricating system may be clearly ascertained by;* re- 
ferring to the longitudinal view at Fig. 214, C. As is 
most systems of this nature, the supply of lubricant is replejimed 
through the breather pipe which is provided with integrally cast 
inclined vanes or ledges to prevent the crankcase (^mpression blow- 
ing out the oil mist. The level indicator or g4uge is located on 
the right hand side of the engine, between the second and third 
cylinders, and the proper level to maintain is between tire high 
and low points of the gauge. It is said that a point about inch 
below the high level mark indicated will give best results. With 
the level at the proper height there will be about nine quarts of oil 
in the reservoir, a point which must be considered when the used 
lubricant is drained out and replaced by new. The system is 
classified as a constant level splash with positive plunger pumps 
to circulate the lubricant. These tw^o pumps are driven by eccen- 
trics on the camshaft, one pump supplying a constant stream of 
oil to the rear main bearing, the other pump feeding the front 
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Fig. 214. — Sectional View of Engine Base, Showing Jeffery Oiling System. 
B and O — Views Showing Double Pump System on the Abbott 
Detroit Car. 


main bearing and timing gear compartment. The overflow from 
the bearing drains into four separate troughs, into which the ends 
of the connecting rods dip as they rotate. The lubricant is main- 
tained at a constant level in this compartment by the use of over- 
flow pipe, from which any excess lubricant drains into the sump. 
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All lubricant drawn into the pumps is screened before it is allowed 
to return to the bearings. The object of employing the separate 
ti^ughs for the connecting rods to dip in is to prevent the oil from 
flowing to the rear of the crankcase when the car is climbing hills, 
or to the front of the crankcase when it is descending grades, as 
either of these conditions would result in flooding one section of 
the crankcase and depriving the other portion of an adequate 
supply of oil. It is recommended that every thousand miles at 
the most the plug in the side of the lower half of the crank" 
case be removed and all old lubricant drawn off. It is sug- 
gested that if the oil be examined carefully, and particles of metal 
are found, this indicates bearing troubles. If the oil is filled 
wdth^' carbon particles it may be taken as an indication that gas 
leaks by the piston rings under pressure of the explosion and 
burns away some of the oil on the cylinder walls. The screens 
used to filter the lubricant should be thoroughly cleaned before 
replacing. 

An oiling system similar to that just described, inasmuch as it 
uses two pumps of the plunger type, is shown at Fig. 215. In this 
the oil reservoir is divided into three compartments; one of these 
serves as a main container for the oil, one at the center is fill<|^ 
part way up wdth w ater, while that at the front end is filled with 
oil, and also houses the circulating pump, and in this s;^§tem one 
pump furnishes oil to the mam bearing at the rear, the 0lher to a 
similar member at the front, the crankshaft being a two-bearing 
type. Passages are drilled in the crankshaft, through w^hi(3i the 
oil goes to the low^er connecting rod bearings. The oil thrown off 
by the rotating crankshaft is splashed to all interior parts, and 
lubricates the cylinders and pistons. Splash is not depended on 
as a drain pipe at the bottom of the crankcase allow^s all the oil 
to escape from that member. The drain pipe communicates to 
the bottom of the compartment partly filled with water. It is 
claimed that the oil which must pass through the water before 
it will float on its surface is not only cleaned of all foreign mat- 
ter, but that it is also cooled, an important requirement in high 
speed motors. The oil floats on the top of the water and drips 
through a suitable overflow opening back into the main reservoir. 



Typical Lubrication^ SyH^7fi$ 425 

It is argued in favor of water as a filtering medium that it is not 
to get clogged up with particles of carbon as a filtering screen is. 
Besides, it has the added advantage of reducing the temperature 
of the lubricant. 

Overland Model 82 Oiling System. — The oiling system (Fig. 
216) is automatic and self-contained. It is of the combination 
force feed and splash type, in which a constant k /el is maintained 
in the oiling base. It is very simple in operation and requires 



Pig. 216. — Double Pump Ssrstem in Which Oil is Filtered Through Water 
to Remove Impurities. 
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no other attention than to see that the proper grade of oil is 
supplied through the breather pipe when the oil indicator on the 
left side of the crankcase indicates that oil is needed. The amount 
of oil necessary to make the indicator register at the word '‘fuir^ 
is seven quarts, which is enough for from four to five hundred 
miles of ordinary running. The oil is circulated by a plunger 



Fig. 216 — Overland Constant Iievel Oiling System 


pump located on the center rib of the cylinder block. The pump 
is operated by the camshaft. 

The lubricant is drawn from the oil base through a fine mesh 
screen, and forced direct to the three main bearings from which 
it overflows to the oil pan. Six wells in the oil pan directly un- 
derneath the connecting rods are supplied with oil constantly, and 
a constant level is maintained at any motor speed and under all 
conditions of road travel. The lower end of each connecting rod 
is supplied with an oil dip which scoops oil directly to the connect- 
ing bearings and splashes the lubricant On the piston walls and 
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wrist pin bearings. The overflow from the front main bearing' 
flows to the front timing gear. From there it is carried by gravity 
to all gears on the transverse shaft. It is very important that 
the oil strainer be kept clean so that the circulation of the oil 
be insured. For this reason the removal of the oil strainer has 
been made easy. By loosening the four stud ntits on the bottom 
of the crankcase the cylinder screen may be withdt awfi and cleaned 
by dipping it in a pail of gasoline. 

In replacing the screen it is well to shellac the gasket between 
the strainer flange and crankcase to make sure that the lubricant 
is properly retained. A drain plug is also provided in the bottom 
of the crankcase for draining the lubricant. This should be done 
once every thousand miles. The crankcase should then be washed 
out with kerosene into the breather pipe. After the kerosene has 
been removed replace the plug and refill the system by using the 
old lubricant, being careful to strain it through a fine grade of 
muslin, and add fresh lubricant to make up the proper amount. 

The proper working of the system is indicated by a pressure 
gauge located upon the instrument board of the cowl dash of the 
car in plain view of the driver. It is not necessary that this 
gauge indicate a given amount of pressure in pounds j it will 
be sufficient to notice the slightest detection of pressure by the 
needle moving to the right when the motor is accelerated. For 
motor li|brication use a light cylinder oil, free from carbon and 
having a flash-point of not lower than 425, and a fire-point of not 
less than 475 degrees Fahrenheit. 

Another forced feed system in w^hich no reliance is placed on 
splash feed due to the connecting rods dipping the lubricant is 
shown at Fig. 217. This is used on some Pierce-Arrow six-cylinder 
motors, and includes a novel feature of having the oil supplied 
drawn from the oil container at the bottom of the crankcase to 
an oil reservoir carried above the cylinders. While the oil is sup- 
plied to the reservoir by the pump it flows to the bearing points in- 
dicated by gravity through oil supply tubes of large size. Both 
the oil reservoir and the bottom of the crankcase are inclined 
twenty-five degrees, this inclination being given to the oil reser- 
voir when running up or down a grade, each lead will get &n 
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equal supply of oil. There are eight of these leads at the bottom 
of the oil reservoir, one leading to the timing gear compartment 
of the crankcase, the others to the main bearings of the crank- 
shaft. The connecting rods are lubricated through suitable drilled 
passageways in the crankshaft. As is true of other systems of 
this nature, the interior of the engine base is filled with an oil 
mist all the time that the engine is in operation, this serving to 



Fig. 217. — Oiling System Used on Many Early Pierce- Arrow Motors. 


lubricate the piston, cylinder walls, and valve operating mech- 
anism. 

The simple pressure feed system used on the National car is 
shown at Fig. 218. In this the bottom of the crankcase serves as 
a main reservoir for the lubricant. It is drawn from this by a 
geared oil pump driven by bevel gearing from the camshaft, the 
discharge from the pump being piped to an indicator gauge on 
the dash. The return from this indicator is directed to a conduit 
running the length of the crankcase which supplies the oil to the 
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compartments into which the connecting rods dip to splash the 
lubricant about the crankcase interior. Attention is directed to 
the oil wells or pockets above the main bearings which catch part 
of the oil distributed by the connecting rods and w^hich feed it 
to the main cranksliaft bearings. 

Another example of the system in which the oil is forced to 
the main bearings and from these members to the crankshaft in- 
terior which is used on the Marmon motor, is shown at Fig. 219. 
This operates in the same manner as the Pierce- Arrow system out- 



rig. 218.— Constant Level Splasli System of National Automobile. 


lined at Fig. 217, except that all of the lubricant is carried in oil 
reservoirs attached to the bottom of the crankcase. On -some 
engines, especially of the Knight slide valve form, it is desirable 
to increase the oil supply as the engine speed increases. This may 
be easily done, as shown at Fig. 220, by providing swinging oil 
troughs operated by linkage which is interlocked with the car- 
buretor throttle actuating lever. A top view of the system show- 
ing the six oil troughs is given at A. At B the various positions 
of the trough for high throttle, intermediate throttle, and low 
throttle are clearly indicated by dotted lines. A side sectional 
view at C shows the supply pipes used to fill the troughs, and 
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also shows the rod employed to tilt the trough. With these mem*- 
bers in the position indicated the connecting rod will take out 
more oil on account of the higher level. This position is used 
only on the highest motor speeds. On the intermediate speeds not 
as much oil is required as when the engine is running fast, there- 
fore the troughs are tilted to a point where the oil level will be 
reduced. This system has the advantage of preventing smoking 



Fig. 219, — ^Pressure Feed Oiling System Used on Mannon Automobiles. 

due to burning too much oil, as in those systems where immovable 
troughs are employed the level of oil in these members must be 
kept high enough to supply positive lubricity at high motor speeds. 
Obviously, this amount of lubricant may be too much for lower 
engine speeds and the surplus lubricant will be discharged through 
the exhaust in the form of smoke. 

The pressure feed system used on the Cadillac eight-cylinder V 
motor is shown at Fig. 221. In this it will be observed that the 
oil is supplied to the three main bearings of the four-throw crank- 
shaft by pipes leading from a manifold running along the oil reser- 







Typical Lubrication SyHems ^ 481 

voir, and is also directed to the camshaft bearings through a' 
smaller manifold. The connecting rod bearings are oiled through 
passages drilled in the crankshaft. The oil is circulated by a 
gear pump driven from the crankshaft by spiral gearing, the in- 
termediate gear serving to drive the two water pumps, one at 



Fig. 220. — ^How lilting Troughs, Eegulated by the Throttle Control, Vary 
the Oil Supply for Different Engine Speeds. 


each side of the motor, by means of a cross shaft. An adjustable 
by-pass valve is provided so tliat the oil pressure may be main- 
tained to any desired point. 

Where to Look for Trouble in Lubrication Systems. — But lit- 
tle trouble will be experienced with the constant level splash sys- 
tem in which the oil is circulated by a positive pump through 
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passages cored in the motor base instead of long external pipes. 
Considerable trouble is experienced on the old style cars having a 
large number of individual leads running from a mechanical oiler 
or compression feed oiler to the various bearing points. The simple 
sight feed lubricator employing compression pressure to cause the 
oil to circulate from the tank to the manifold fittings would indi- 
cate a clogged pipe in a positive manner as the oil drip feed glass 



Fig. 221. — Oiling System of Cadillac 1915 Eight Cylinder Engine. 


would fill up if the pipe is constricted for any reason. In event 
of the failure of the oil to drop in the sight feed glasses when the 
adjustment screws are loosened to supply more lubricant, the 
various pipe connections should be examined. The first one to 
look at is the pressure pipe running to the tank. The first essen- 
tial is to make sure that the tank filler cap seats securely, and 
that the leather washer is interposed as packing under the cap. 
Disconnect the pipe next to the check valve and with the motor 
running note if there is any pressure, i.e., if impulses from the 
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exhaust can be felt dti the hand. If not, the nipple of the exhaust 
manifold or pipe should be removed and cleaned as it may be 
choked with carbon, especially if considerable oil is fed to the 
motor. The check valve near the tank may also be fouled up, 
due to foreign matter. This should be taken apart and cleaned, 
replaced, and the engine again started for testing the pressure. 
A simple method of quickly locating the fault in a system of this 
kind is to disconnect the pressure pipe at the tank and blow 
through tlie check valve member. If tlie tank and oil pipe con- 
nections are tight the oil will flow through the sight feed glasses, 
and it will be apparent that the trouble is due to not enough 
pressure being supplied the tank. 

Leaks may exist between the sight feed glasses and their holders, 
and this is usually denoted by leakage of tlie lubricant around 
the bottom of the glass. In disassembling and readjusting this 
member, care should be emphasized after new j)acking washers have 
been replaced, when readjusting not to screw down Tlie fittings 
against the glasses too tightly as the glasses may be broken. When 
the glass fills up with lubricant, which is a sure indication of a 
clogged feed pipe, that member should be removed and thoroughly 
cleared by compressed air blast or steam under pressure. The 
steam is to be preferred as it will heat up any solidified wax or 
grease in the pipes. These sight feed glasses are apt to accumulate 
dust and dirt, espc‘cially as they are mounted in an exposed posi> 
tion in ordiT to note at a glance if oil is dro})})ing properly. A 
suggestion is given at Fig. 222, A, for removing dirt wlien the 
parts are difficult of access with a cloth, which is especially true 
when the sight feeds are assembled in a manifold fitting, as shown 
at B, where they are placed directly on the dash. A coarse, soft 
string is used, a coujde of turns being made around the glass, then 
by imparting a sawing motion to the ends of the cord the en- 
crusted deposit will be easily removed. 

In those lubricating systems having individual leads running 
from a mechanical oiler, if failure of oil to reach the bearing is 
not due to a broken or constricted feed tube the trouble 
exist at the pump supplying tliat member. The common fault in 
plunger pumps is failure of the check valves to seat properly^ 
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this being due generally to dirt in the oil. Of course, if the main' 
4rmng means fails the pumps will not move and no oil will be 
circulated. Oil pumps are not so apt to wear out as water pumps 



rig. 222. — Showing Simple Method of Cleaning Sight Feed Manifold 
Glasses at A and B. One Method of Curing Smoky Motor shown 
at C« 


are on account of the lubricating properties of the oil, which 
tends to minimize depreciation by keeping friction at a low point. 

Method of Curing Smoky Motor.— The owner of a practically 
new ear was much annoyed with a smoky exhaust which clearly 
indicated that oil w^as working by the piston rings, and that this 
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condition was evident even^ when tiie level of oil* was Wow the^ 
point recommended by the makers of the car if the motor wa« 
run at high speeds. It was evident that the trouble was not duo^ 
to mechanical depreciation as the car was practically new. AdftCr 
considerable study a cheap and successful remedy for the trouble 
was devised. 

The cylinder head was removed, the connecting "od bearings 
were loosened and the four pistons, after marking each, were 
removed. Next the wristpins and connecting rods were taken off, 
and each piston, after taking out the two lowest piston rings, was 
chucked up in the lathe separately. A small groove, a sixteenth of 
an inch in diameter, was cut into the piston, as shown in Pig. 
222, C, at an angle of 45 degrees. The cut started from the edge 
of the bottom of the next to lowest piston ring groove. This cup 
was also one-sixteenth of an inch in depth, thus forming a cup- 
shaped groove the entire circumference of the piston. Next the 
piston was drilled at the same angle of 45 degrees with a one-six- 
teenth inch drill. These holes, about one inch apart, were drilled 
clear through the piston. The effect of this groove was to collect the 
oil backed up by the bottom piston ring on the downward stroke. 
The small holes drained the oil into the inside of the piston and 
thus back to the crankcase. 

The rings w^re replaced, the wristpins and connecting rods 
put back, the pistons slipped into the cylinders and the connecting 
rods tightened up. Next the cylinder head was replaced and oil 
put into the crankcase, the level of which was raised one-quarter 
inch above normal. When the motor w’as started the abnormal 
amount of smoke which the little engine had formerly produced a 
failed to appear. After using his car a month, the owner called 
at the garage to state that the job had proved satisfactory. A 
repair of this kind can be made only when there is sufficient wall 
thickness to the piston. 

Simple Oil Filter. — There are many occasions when oil is drawn 
from a motor crankcase or sump w^hen it still possesses lubricating 
qualities, but is unsuitable for use owing to the presence of dirt. 
Even if an oil is unsuitable for cylinder lubrication, it may still 
possess sufficient lubricating value to be used around the unim- 
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p^rtant bearing-points of the car to which it can be applied with 
a hand oil can or syringe. Instead of throwing away the oil it is 
possible to save quite a few gallons in the course of a year, if the 
simple filtering device as shown at Fig. 223 is used. This may 
be made up by any tinsmith at small cost. It consists of a main 
container of galvanized iron having a tight-fitting cover so dirt 
will not get into it. Three ledges are soldered to the sides of the 
tank as indicated, the one at the top holding a brass wire gauze 

screen, the two lower 
ones acting as sup- 
ports for funnels. The 
discharge opening of 
each funnel is filled, 
with clean waste, and 
by the time the oil 
reaches the bottom of 
the container it has 
been thoroughly fil- 
tered, the larger par- 
ticles of dirt being re- 
strained by the brass 
screen, while the re- 
mainder is held by the 
waste plugs. A pet- 
cock is soldered to the 
bottom of the tank, so the filtered oil may be drawn out as needed. 

Requirements of Lubricating Oils. — Much difference of opinion 
exists relative to the best grade of lubricating oil to use in tll4' 
automobile power plant, some repairmen favoring the use of aTjery 
light, free flowing oil, others recommend oils of medium body. 
The best oil to use depends entirely upon the tyt^e of power plant 
and closeness of fit between the parts of the mechanism ; no one 
grade of oil is suitable for all engines. The following extract 
from a paper read by Harry Tipper, an authority on lubricants 
and lubrication, before the S. A. E., outlines the points involved 
in the selection of a suitable lubricating medium very clearly, and 
may be read mth profit by all motorists and repairmen. 



rig. 223 — Easily Made Oil Filter for Garage 
Use. 
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‘‘Inasmuch as the arbitrary tests to determine the phyiSicaX. 
characteristics of the oil do not illuminate its value for any par- 
ticular purpose, let us consider what the oil should do. In order 
to bring this directly to the point of greatest interest to the 
society, that is, the lubrication of the motor of automobiles, let 
me suggest the requirements which a lubricant for this purpose 
should meet: 

1. The oil should possess a sufficient body to keep the bearing 
surfaces apart at the temperature at which the bearings run. 

2. It should possess such qualities as will reduce the friction 
to a minimum. 

3. The flash point should be sufficiently high to insure against 
the presence of volatile constituents. 

4. It sliould remain fluid at such low temperatures as wilt be 
met in service conditions, 

5. It should have no tendency to decompose or to form such 
deposits as will gum up the machine and increase the friction, 
where the object is to decrease it. 

6. It should contain no ingredients wdiich will corrode or pit 
the metal. 

“In considering the qualifications to be added to these general 
requirements in order to define application to the mechanical con- 
ditions of cylinder lubrication, it is necessary to consider the ques- 
tions involved in the operation of an internal combustion engine, 
which are different from those of any other type. AVhat I have 
to say now may appear very elementary from a mechanical stand- 
point, but unless it is mentioned, the important bearing which it 
has upon lubrication will not be as obvious as I want to make it. 
After a charge has been taken into the cylinder on the suction 
stroke it is compressed to from 50 to 75 pounds before being fired. 
Naturally upon the starting of the compression stroke there is a 
tendency for the gasoline mixture to leak. There are two ways 
of obviating this difficulty, of securing full compression. These 
two ways might be stated as mechanically secured compression, 
formed by the close fit between the piston or piston rings and the 
cylinder wall ; or compression secured by liquid seal, which means 
the use of an easy clearing between the piston rings and the 
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cylinder wall and the sealing of the space between them by the 
nse of a proper kind of lubricating oil. In respect to the me- 
chanically secured compression the following points are worth 
noting as axioms which must be taken into consideration in esti- 
mating the conditions: 

1. The closer the fit, that is, the less the clearance between 
the piston and cylinder walls, the more the power absorbed in 
turning the engine over. In fact, it is possible to secure perfect 
compression in this way only by securing so tight a fit that the 
mechanism will not turn. Even in practice good compression can 
be secured only at the sacrifice of some of the effective power. 

2. The closer the mechanical fit between piston and cylinder 
walls the thinner a lubricating oil which will work its way between 
them. The thinner the lubricating oil the greater will be the 
wear and tear, because of the impossibility of keeping the metal 
surfaces apart where the clearances are so small and the lubricant 
must be such a slight film. 

^^With these conditions, when wear and tear has once begun, 
every stroke of the engine increases the loss of compression, the 
consumption of lubricating oil, the consumption of gasoline, in 
proportion to the amount of power, and, in fact, decreases con- 
tinually the efficiency of the motor. You will readily see the im- 
possibility of securing and maintaining maximum efficiency under 
the conditions. The motor after leaving the factory is run at great 
variations of speed and considerable variation of load. These 
variations are quite rapid and frequent. On account of the me- 
chanical conditions of the motor you have recommended a very 
thin, light lubricating oil for the motor, under the guarantee. 
This lubricating oil has no particular adhesiveness and will flow 
as readily from the cylinder wall as to it. Consequently, during 
the rapid and frequent variations of speed, cylinder walls are 
sometimes overburdened with oil and sometimes 'practically dry, 
making wear and tear excessive and naturally resulting in a very 
rapid increase in the space between the piston and cylinder wall. 
This wear and tear is not thoroughly even ; the clearance is larger 
in some places than in others. Then the lubricating oil flows freely 
up and down the walls of the cylinder and there is never any time 
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when just the proper amount of oil is on the cylinder walL The 
oil is so thin that it cannot be held in the increased space, co% 
sequently on the compression stroke the gasoline mixture escapes 
past the piston, destroying the lubricating oil in the crankcase, 
and reducing from 15 to 30 per cent, the power which should be 
secured from the gasoline. Further, the condition under discussion 
is responsible largely for the carbon which is sO constantly being 
experienced on account of the fact that the oil, being very light 
in body and free-flowing, is drawn up during the suction stroke 
into the compression chamber and onto the piston head, where it is 
distilled, leaving a coke baked on the piston head to the first ring, 
upon the valves, etc. 

‘ ‘ Consider, instead of the mechanically secured compression used 
in connection with thin oil, compression which depends upon the 
use of lubricating oil, the clearances being larger. Prom the stand- 
point of the mechanical efficiency of any power generator, and, in 
fact, any moving equipment, the best fit — that is, the mechanical 
fit which absorbs the least amount of power due to friction in the 
power generator itself — is an easy sliding fit. If dependence is to 
be laid, however, upon the metal and not upon the lubricating oil 
to maintain compression, this easy sliding fit is too loose to give the 
compression required. If, how^ever, it is intended to secure the 
compression by the liquid seal of the lubricant, then an easy 
sliding fit can be given to the motor, a sufficiently heavy-bodied 
oil used for lubricating with the result that the metal surfaces 
can be kept apart, the compression can be maintained so that 
there will be practically no change in the lubricating oil in the 
crankcase, and only the ordinary wTar and tear on a properly , 
lubricated surface will take place, which wear and tear is infinitely 
slower than the w ear and tear which usually occurs under the con- 
ditions previously mentioned. In w^orking out lubricating oils for 
automobile engines we are using to-day oil of 200, 300, 500 and 
750 viscosity; the oil of 200 seconds viscosity being used entirely 
for those motors wkich are being made with clearances too small 
to permit of the oil of the proper body being used. Thousands of 
tests by private owners, wkich, w’hile they may not be accurate, 
indicate the general result that in practice by the use of these 
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heavier oils they have secured from 10 per cent, to 20 per cent, 
and in some cases over 30 per cent, more power from the fuel, 
owing to the saving of any loss on the compression stroke. On this 
account they have also used less lubricating oil, due to the fact 
that there is no admixture of gasoline, deterioration consequently 
being very slow. There is also less wear and tear on the cylinders 
and practically no trouble from carbon.’’ 

Peculiar Cause of Overheating. — A motorist who owned a 
very good make of car was bothered by a particularly severe case 
of overheating, and was at a loss to find its true cause. The motor 
was thoroughly overhauled to make sure that the lubricating sys- 
tem was functioning properly, the interior of the w'aterjackets w^as 
cleared of all incrustation, the radiator rejilaced by one of larger 
capacity, the pump and W’ater piping examined to insure that the 
water circulation w^as brisk, the exhaust valves gone over to make 
sure that they lifted enough to release the gases and that they 
opened early enough, and all important members in the transmis- 
sion system were inspected to see that there w^as no binding or 
harsh action at these points that wwld absoi’b pow^r Despite all 
the precautions taken, the car continued to overheat and nothing 
the local repairman could do prevented the troulde. The vsnritet; 
was finally asked to give an opinion, and after the various 
dies that had been ajiplied ineffectually had been described 'Itf ae- 
tail, it seemed that but little had been overlooked, and the case 
assumed that mysterious aspect that often puzzles even the most 
expert of repairmen. 

The car w^as not fitted with a muffler cut-out Anhe and the 
writer noticed that the muffler seemed particularly efficient as re- 
gards silence, a barely perceptible sound being heard as the gas 
was discharged in the air. As the overheating was accompanied by 
loss of powder, and as the engine had very little pow^er even wdien 
cooled it w^as assumed that the overheating was due to some condi- 
tion of the mixture, but varying this till it w^as so thin that the 
engine backfired through the carburetor did not improve either 
the powder or the chronic overheating. As an experiment, the 
muffler was removed and the car operated wdth a direct exhaust. 
The result was a revelation, as the car not only had all the power 
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one could reasonably expect, but there was not the slightest sign 
of overheating. 

It was then clearly evident that the muffler was at fault, so it 
was taken apart and the interior carefully examinedi The design 
w^as such that it would have been a very elective silenc<^r even in 
normal condition, and the fact that cars of that make had a very 
enviable reputation for silence kept all concerned from suspecting 
the muffler until nearly everything else had been tried. The prin- 
ciple of action was to break up the gases before they reached the 
air by passing them through a number of baffle plates placed at 
intervals in the muffler shell, these being perforated by a graduated 
series of holes to allow the gas to pass through. The first holes, 
that is, those nearest the exhaust intake opening communicating 
^\lth the engine vere al)out inch in diameter, but each suc- 
ceeding baffle plate had smaller openings but a greater number, 
so that the available discharge area vas practically the same in all 
the partition plates. In the member nearest the discharge end of 
the muffler the holes were normally |/g inch in diameter. 

The engine was fitted vith a constant level splash system that 
insured copious lubrication and the owner had not spared the oil. 
The result was that accumulations of soot had filled the small 
holes so that they were less than half their normal diameter and 
the back pressure resulting from this reduction of area had caused 
both the lost pow er and overheating. The holes w^re drilled out to 
a larger size, %(, inch, so they would not be so liable to fill up 
again, and after tlie muffler had been thoroughly cleaned so that 
all soot was removed from the entire series of baffle plate openings, 
the component w'as replaced and the trouble ceased. Enlarging 
the holes produced a little freer discharge and the car was just a 
trifle more noisy than it had been prior to the time the holes 
clogged up and caused defective engine action. Enlarging the 
openings was advisable, however, as they w^ere not so liable to 
clog up. 
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HbcATlON AND REMEDY OF IGNITION FAULTS 

Battery Ignition System Parts — Care and Wiring of Dry Cells — Storage 
Battery Defects — Storage Battery Charging and Maintenance — Ignition 
Timers — Spark Plugs — Induction Coil Faults — Adjusting Coil Vibrators 
— Low Tension Ignition System — Magnetic Spark Plug System — Wiring 
Troubles and Electrostatic Effects — Magneto Forms — Troubles with 
High Tension Magneto — Contact Breaker, Care and Adjustment — Be- 
charging Weak Magnets — Transformer Coil Magneto System — Dual 
Magneto System — Master Vibrator Ignition Systems — Double and 
Triple Ignition Methods — Two Spark Ignition — Timing Battery Ignition 
Systems — Timing High Tension Magnetos — Firing Orders of Typical 
Engines. 

There has been no part of the automobile that has been 
changed more often than the ignition system. The first cars 
simple battery and coil ignition, then with the introduction^ 
the high tension magneto the systems were usually &i 

the same engine in order to secure double igiaition systems, either 
one being independent of the other. Latei*, as the magneto became 
refined and improved, a number of makers discarded the battery 
ignition system and placed their entire reliance on the magneto. 
With the coming of the demand for electrical motor starting and 
lighting systems came a revival of the battery ignition method 
which had been discarded for the high tension magneto. The 
main reason for using the magneto in preference to the battery 
system was that ignition became weaker with the latter after the 
engine had been run for a time owing to a lessened output of the 
battery. The magneto which generates electricity by a mecbani- 
cal process had the advantage because the faster it was driven 
the more current it delivered. 

In the modern automobiles an electrical current generator is 
provided, run by the engine which is depended on to charge a 
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storage battery while the motor is nmnmg, the eurrent for igi:^- 
tion and lighting being taken from the storage battery instead of 
directly from the generator which delivers a ctirrent of varying 
output depending upon the engine speed which in turn regulates 
the rate of generator armature rotation. On many cars therefore^ 
the battery ignition systems are used as the use of the generator 
keeps the battery charged always to the proper poxut tor securing 
energetic ignition. The automobile repairman will have cars to 
repair that will use a wide variety of ignition systems, as many 
of those fitted with the simple battery and coil are still in use 
while a very large number are equipped solely with the high ten- 
sion magneto. Most of the newer cars will use improved battery 
ignition systems with the high tension magneto eliminated. 

Battery Ignition System Parts. — A battery ignition system in 
its simplest form consists of a current producer, usually a set of dry 
cells or a storage battery, an induction coil to transform the low ten- 
sion current to one having sufficient strength to jump the air gap at 
the spark plug, an igniter member placed in the combustion cham- 
ber and a timer or mechanical switch operated by the engine so 
that the circuit will be closed only when it is desired to have a 
spark take place in the cylinders. Battery ignition systems may 
be of two forms, those in which the battery current is stepped up 
or intensified to enable it to jump an air gap between the points 
of the spark plug, these being called *‘high tension” systems and 
the low tension form in which the battery current is not inten- 
sified to a great degree and a spark produced in the cylinder by 
the action of a mechanical circuit breaker in the combustion cham- 
ber. The low tension system is the simplest electrically but the 
more complex mechanically. The high tension system has the 
fewest moving parts but numerous electrical devices. At the pres- 
ent time practically all automobiles use high tension ignition sys- 
tems, but as the repairman may have occasion to overhaul an “old 
timer” instructions are given for repairing the low tension igni- 
tion systems as well as the more popular forms. Low tension igni- 
tion methods are still used in marine engines, so a mechanic work- 
ing on these types as well as automobiles should familiarize himself 
^vith the principles of both high and low tension ignition systems* 
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Ignition troubles are usually evidenced by irregular engine 
action. The motor will not run regularly nor will the explosions 
follow in even sequence. There may be one cylinder of a multiple 
cylinder motor that will not function at all, in which case the 
trouble is purely local, wher€'as if all the cylinders run irregularly 
there is some main condition outside of the engine itself that is 
causing the trouble. As complete instructions are given at the 
end of this chapter for a systematic search to locate troubles and 
as these may be readily identified by the symptoms described, it 
is not necessary to dwell on this point an}^ longer, at the present 
time. In a battery ignition system the first point to be suspected 
in event of irregular ignition is lack of capacity in the current 
producer. 

Care and Wiring of Dry Cells. — The simplest form of current 
producer is the dry cell which is showm in section at Fig. 224, A. 
A zinc can about 6 inches high and 2^ inches in diameter forms 
the negative element of the dry cell and also serves as a container 
for the electrolyte and positive element. A carbon rod placed in 
the center is insulated from contact with the zinc can by a seal 
of pitch which is a non-conductor of electricity and whicli also 
serves to retain the moisture m the cell. Tins carbon rod does not 
extend entirely to the bottom of the cup. The exciting fluid or 
electrolyte is a solution of sal ammoniac which is held against the 
negative element by blotting paper which is used as a lining for 
the zinc can. The space between this active lining and the carbon 
rod is filled with a depolarizing agent, usually lilack oxide of 
manganese, which is mixed with powdered gas retort carbon, the 
Avhole being saturated with exciting fluid in order to increase the 
electrical conductivity of the depolarizing mixture and also to 
keep the blotting paper lining properly moist. The depolarizer 
is necessary to enable the cell to be used continuously as it gives off 
oxygen to combine with the electrolyte after it has given up its 
chlorine to the zinc which leaves hydrogen to combine with the 
oxygen and form water. It will be observed that a dry cell is very 
simple in construction and that nothing is apt to occur that will 
reduce its capacity except diminution in the strength of the elec- 
trolyte or eating away of the zinc can by chemical action. The 
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elements in a dry cell are usually combined in such proportions* 
that about the time the electrolyte is exhausted, the zinc can will 
also have outlived its usefulness. It is much cheaper to replace 
dry cells with new ones than to attempt to repair the exhausted 
ones. 

Evaporation of the electrolyte is the main cause of deteriora- 
tion of dry cells as the internal resistance of the cell increases when 



Fig. 224. — ^View at A, Sliowing Internal Construction of Dry Cell Battery. 
B. — ^Metliod of Testing Dry CeU with Amperemeter. 


the moisture evaporates. It is said that dry cells will depreciate 
even when not in use, so it is important for the repairman to buy 
these only as needed and not to keep a large stock on hand. In 
order to test the capacity of a dry cell an amperemeter is used as 
indicated at Fig. 224, B. Amperemeters are made in a variety 
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of forms, some being combined with volt meters, as shown at 
Fig^26. The combination instrument is the best form for the 
repM'^man to use as the volts scale can be employed for testing 
storage batteries while the amperemeter scale may be utilized in 
determining the strength of dry cells. A fully charged, fresh dry 
cell should show a current output of from twenty to twenty-five 
amperes. If the cell indicates below six or seven amperes, it 
should be discarded as it is apt to be exhausted to such a point 
that it will not furnish current enough to insure energetic or re- 
liable ignition. Dry cells should always be stored in a cool and 
dry place, so that the electrolyte will not evaporate. If moisture 
is given an opportunity to collect on the top of the pitch seal it 
will allow a gradual loss of current due to short circuiting the 
cells. In applying an amperemeter, care should be taken to 
always connect the positive terminal marked with a plus sign 
against the carbon terminal. In the indicating meter shown at B, 
it is necessary to use only one contact point which is pressed 
against the screw passing through the carbon rod. The case of 
the instrument is placed in contact with the zinc terminal to com- 
plete the circuit. A flexible wire is usually included in order to 
test the amperage of a group of cells should this be thought neces- 
sary. When dry cells are used for automobile ignition, they 
should be carefully packed in a box made of non-conducting^j^iA^ 
terial, such as wood, and securely covered so that there no 

chance for water to enter the container. If placed in a s)i|#trnibtal 
case, care should be taken to line the box^ with im^tilating ma- 
terial and also to pack the cells tightly so they cannot shake 
around. The best practice is to use wedges, or blocks of wood 
which are driven in between the ceils to Iskep them apart. In 
no case should a dry cell be placed directly in a steel box, as 
the binding posts on the zincs might come in contact with the 
walls of the box and tend to short circuit the cells, producing 
rapid depreciation. A battery box should always be placed at a 
point where it is not apt to be drenched with water when the 
car is washed or should be watertight if exposed. 

When dry cells are used for ignition there are two practical 
methods of connecting these up. At least four dry cells are neces- 
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Pig. 225. — ^Methods of Connecting Dry Cells and Precautions to bo 
Observed When Wiring. 


sary to secure satisfactory ignition and mucli more energetic ex- 
plosions will be obtained if five or six are used. The common 
method is to join the cells together in series as shown at Fig. 
225, A. When connecting in this manner the carbon terminal ot 
one battery is always coupled to the zinc binding post of its 
neighbor. Connection would be made from the carbon of the fiiit 
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cell to the zinc of the second, from the carbon of the second to 
the zinc of the third, and from the carbon of the third to the 
zinc of the fourth, this leaving the zinc terminal on the first cell 
and the carbon terminal on the fourth cell free to be joined to 
the external circuit. When dry cells are connected in series the 
voltage is augmented, that of one cell being multiplied by the 
number so joined. The amperage remains the same as that of 
one cell. If a dry cell has a potential of \y^ volts, a battery com- 
posed of four cells would show 5 volts. When dry batteries are 
r^d for lighting purposes or for igniting multiple cylinder en- 
gines, in order to obtain better results, they are connected in 
series multiple, as shown at B. Three sets of cells joined in series 
are placed side by side with the free carbons at one end in line 
and the zincs at the other also in line. The three carbons are 
then joined together by one ware, the three zine terminals by an- 
other. When joined in this manner the battery has a voltage equal 
to that of four cells and an amperage equal to that of three cells. 
If a series connected battery as at A, indicates 5 volts and 20 
amperes, the series multiple connection at B will indicate 5 volts 
and 60 amperes. When cells are joined in multiple the drain 
on any one cell is reduced and it is not so likely to become ex- 
hausted as when four are used in series. The points to be watched 
out for when installing dry batteries are clearly outlined 
bottom of Fig. 225. It will be seen that it is not desirable for 
terminals to come in contact wath each other or with thie^^sides of 
the box nor is it conducive to good ignition to have th4 zine shells 
in contact. A loose terminal on any one of the batteries will re- 
sult in irregular ignition w^hile a broken wire will interrupt it 
altogether. If the insulation is frayed where a wire passes through 
a hole in a metal battery box trouble may be experienced due to 
short circuiting of the current between the bare wire and the 
steel box, which may be grounded. 

Storage Battery Defects. — The subject of storage battery 
maintenance was thoroughly covered in a paper read by H. M. 
Beck before the S. A. E. and published in the transactions of 
the society. Some extracts from this are reproduced in connec- 
tion wdth notes made by the writer and wdth excerpts from in- 
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struction books of battery manufacturers in order to enable tbe' 
reader to secure a thorough grasp of this important subject with- 
out consulting a mass of literature. Endeavor has been made to 
simplify the technical points involved and to n^ake the exposition 
as brief as possible without slighting any essentia) p<^ints. In 
view of the general adoption of motor starting and lighting sys- 
tems on all modern automobiles, the repairman or motorist must 



Fig. 226. — Two Forms of Combination Volt- Amperemeters for Oarage 

Service. 


pay more attention to the electrical apparatus than formerly 
needed when the simple magneto ignition system was the only 
electrical part of the automobile. The storage battery is one of 
the most important parts of the modern electrical systems and 
all up-to-date repairmen must understand its maintenance and 
charging in order to care for cars of recent manufacture intelli- 
gently. 

A storage battery, from an elementary standpoint, consists of 
two or more plates, positive and negative, insulated from each 
other and submerged in a jar of dilute sulphuric acid. The plates 
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ooiBsist of finely divided lead, known as the active material, held 
in grids which serve both as supports and as conductors for the 
active anaterial. The active material being finely divided, offers 
an enormous surface to the electrolyte and thms electro-chemical 
action can take place easily and quickl3\ Two plates such as de- 
scribed, would have no potential difference, the active material of 
each being the same. If, however, current from an outside source 
is |3^ssed between them, one, the positive, will become oxidized, 
w^ii^4he other remains as before, pure lead. This combination 
be found to have a potential difference of about two volts, 
Itnd if connected through an external circuit, current will flow. 

During discharge, the oxidized plate loses its oxygen and both 
plates will become sulphated until, if the discharge is carried far 
enough, both plates will again become chemically alike, the active 
material consisting of lead sulphate. On again charging, the 
sulphate is driven out of both plates and the positive plate oxi- 
dized and this cycle can be repeated as often as desired until the 
plates are worn out. Thus charging and discharging simply re- 
^^sult in a chemical change in the active material and electrolyte, 
and the potential difference between the plates and capacity is 
due to this change. 

^ In taking care of a storage battery, there are four points 
'Which are of the first importance: 

' First — The battery must be charged properly. 

Second — The battery must not be overdischarged. 

' Third — Short circuits between the plates or from sediment 

under them, must be prevented. 

Fourth — The plates must be kept covered with Electrolyte and 
only water of the proper purity used for replh^g evaporation. 

In the event of electrical trouble which may be ascribed to 
weak source of current, first test the battery, using a low reading 
voltmeter. Small pocket voltmeters can be purchased for a few 
dollars and will be found a great convenience* Cells may be 
tested individually and as a battery. The proper time to take 
a reading of a storage battery is immediately upon stopping or 
while the engine is running. A more definite determination can 
be made than after the battery has been idle for a few hours and 
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has recuperated more or less. A single cell should register more 
than two volts when fully charged, and the approximate energy 
of a three-cell battery should be about 6.5 volts. If the voltage 
is below this the batteries should be recharged and the specific 
gravity of the eleetrol}i:e brought up to the required point. If 
the liquid is very low in the cell new electrolyte should be added. 
To make this fluid add about one part of chemically pure sul- 
phuric acid to about four parts of distilled wdler, and add more 
water or acid to obtain the required specific gravity, which is 
determined by a hydrometer. According to some authorities the 
i^^rometer test should show the specific gravity of the electrolyte 
^s' about 1.208 or 25 degrees Baume w^hen first prepared for in- 
troduction in the cell, and about 1.306 or 34 degrees Baume when 
the cell is charged. 

The following table gives the corresponding specific gravities 
and Baume degrees: 


mm6 

Specific Gravity 

Baum6 

Specific Gravity 

0 

1 000 

18 

1 141 

1 

1 006 

19 

1 150 

2 

1 014 

20 

1160 

3 

1 021 

21 


4 

1 028 

22 

LI78 

5 

1.035 

23 

^1.188 

6 

1.043 

24 

’ 1J198 

7 

1 050 

25 


8 

1 058 

26 


9 

1.066 

27 

lA. 

10 

1 074 . 

28 

1239 

11 

1.082 

29 

1.250 

12 

,1.090 

30 

1 260 

13 

1 098 

31 

1271 

14 

1.106 

32 

1 283 


1 115 

33 

1.294 

16 

1.124 

34 

1.306 

17 

1.132 

35 

1.318 


The appended conversion formula and table of equivalents 
will be found of value in changing the reading of a hydrometer, 
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or acidometer, from terms of specific gravity to the Baume scaie 
or vice versa. 

145 

Sp. Gr, = at 6t)° P. 

145 — Baum6 degrees 

Either voltage or gravity readings alone could he used, but 
as both have advantages in certain cases, and disadvantages in 
others, it is advisiftle to use each for the purpose for which it 
is best fitted, the one serving as a check on the other. Voltage 
has the great disadvantage in that it is dependent upon the rate 
of current flowing. Open circuit readings are of no value, as a 
cell reads almost the same discharged as it does charged. On the 
other hand, a voltmeter is a very easy instrument to read and 
may be located wherever desirable. Specific gravity readings are 
almost independent of the current flowing, but the hydrometer 
is difficult to read, not very sensitive and the readings must be 
taken directly at the cells. 

Charging the Storage Battery. — Great care should be used 
in charging and the charging rates given by the various manu- 
facturers should be followed whenever possible. It is essential 
that the positive wire carrying the charging current be connected 
^th the positive plates of the battery. The positive pole of a 
cell is usually indicated by a plus sign or by the letter In 

^ase of doubt always ascertain the proper polarity of the termi- 
nai^ before charging. This is done by immersing the ends in 
acidulated w^ater, about an inch apart. The one around which 
the more bubbles collect is the negative, and should be connected 
with negative pole of the battery. If a cell is not connected prop- 
erly it will be ruined. A battery always should be charged, if 
possible, at a low charging rate, because it will overheat if ener- 
gized too rapidly. The normal temperature is between 70 and 
90 degrees Fahrenheit. When the battery is fully charged the 
solution assumes a milky white appearance and bubbles of gas are 
seen rising to the surface of the electrolyte. All foreign matter 
should be kept out of the batteries as any metallic substance find^* 
ing its way into the cell or between the terminals will short circuit 
the cell and perhaps ruin it before its presence is knowru The 
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terminals, the outside of the cell and all connections, should be 
kept free from acid or moisture. A neglect of these essentials 
means corrosion and loss of capacity by leakage. There is one 
point in connection with the charge which should be especially 
emphasized, namely, that the final voltage corresponding to a full 
charge is not a fixed figure, but varies widely, depending upon 
the charging rate, the temperature, the strength of the electrolyte, 
and age of the battery. For this reason, char^^g to a fixed volt- 
age is unreliable and likely to result disastrously. The charge 
should be continued until the voltage or gravity cease rising, no 
matter what actual figures are reached. Old cells at high tempera- 
tures may not go above 2.4 volts per cell, wliereas if very cold, 
they have been known to run up to three volts. 

The points to be especially emphasized in connection with the 
charge are: 

First — On regular charges keep the rates as low as practical 
and cut off the current promptly. It is preferable to cut off a 
little too soon rather than to run too long where there is any 
question. 

Second — Overcharges must be given at stated interval^ and 
continued to a complete maximum. They should be cut the 

proper point, but when in doubt it is safer to run too long,*rath^ 
than to cut off too soon. 

Third — Do not limit the cMirge by fixed voltage. 

Fourth — Keep the tempe^ure within ^e limits. ^ 

Fifth — Keep naked flames away from cells while charging as 
the gas given off is inflammable. Always see that gas vents are 
clear before charging. 

The following table will undoubtedly be of value as a guide 
to the proper charging rates of batteries of various ampere hour 
capacities, the assumption being that these are all 3 cell batteries 
that will show between 6.5 and 7.5 volts when fully charged. 
While most manufacturers of batteries furnish instruction books, 
these may be lost, so some compact reference is needed. The overall 
dimensions of the batteries are given so the capacity may be’ deter- 
mined even if^^the marks of identification on the name plate are 
obliterated. 



Charging the Storage Battery 


455 


TABLE OP CHARGING RATES 
Elba Lighting Battebies 


Type. 

Normal 

Charing Rates 
Amp. Required. 

24-Hr. 

Charg- 

ing 

Rate 

Volts 

per 

Cell at 
End of 
Charge 
at 

24-Hr 

Rate 

Volts of 
Battery 
at 

End of 
Charge 
at 

24-Hr. 

Rate 

Size of Battery Over aO 

No. 

of 

Cells 

start 

Finish 

Lengt 
m in 

Width 
m m. 

Hei^t 
in m. 

ELB— 60-90 

9 

3 

3 

23^ 

Vz 

10? 8 

734 

9J| 

s 

ELB— 80-120 . 

12 

4 ! 

4 

2}i 


11/^2 

734 


3 

ELB — 100-150 

15 

5 

5 

2'^ 

73-2 

12K 

732 

934 

3 

ELB— 120-180 

18 

0 

8 1 

2M 

734 

153 « 

732 

934 

3 

HSB— 60-90 .. 

9 

3 

3 

2H 

732 

93-4 

1 

0 

10 

3 

HSB— 80-120. . 

12 

4 

4 

23-. 

734 

11 

6 

10% 

3 

HSB— 100-150 ... 

15 

5 

5 

2M 

734 

12?-8 

6 

10% 

3 

HSB— 120-180 

18 

6 

6 

2H 

734 

15 

6 

1 

10% 

3 

PAB— 120-180 

18 

6 

6 

23i 

734 

1034 

734 

u% 

.— —1 

3 


A battery may be charged from any source of direct current. 
Garages, central stations, lighting plants, etc., can do the work, 
and in many instances where direct current is used for power 
purposes, a simple charging outfit is operated from the dynamo. 
Where alternating current only is available, a rectifier which 
changes alternating current to direct current may be installed and 
the battery charged with no inconvenience and at comparatively 
small cost. All of these methods will be considered in proper 
sequence and typical charging outfits described. 

Remedies for Loss of Battery Capacity.— When a battery 
gives indication of lessened capacity it should be taken apart and 
the trouble located. If the cell is full of electrolyte it may be 
of too low specific gravity. The plates may be sulphated, due to 
lack of proper charge or too long discharge. The cells may need 
cleaning, a condition indicated by short capacity and a tendency 
to overheat when charging. Sometimes a deposit of sediment on 
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the bottom of the cell will short circuit the plates. If the specific 
gravity is low and the plates have a whitish appearance, there 
being little sediment in the cells, it is safe to assume that the 
plates are sulphated. Sediment should be removed from the cells 
and the plates rinsed in rain or distilled water to remove particles 
of dirt or other adhering matter. 

The rate at which the sediment collects, depends largely upon 
the way a battery is handled and it is, therefore, necessary to 
determine this rate for each individual case. A cell should be cut 
out after say fifty charges, the depth of sediment measured and 
the rate so obtained, used to determine the time when the battery 
will need cleaning. As there is apt to be some variation in the 
amount of sediment in different cells, and as the sediment is 
thrown down more rapidly during the latter part of a period than 
at the beginning, it is always advisable to allow at least one- 
fourth inch clearance. If the ribs m the bottom of the jars are 
1^ inches high, figure on cleaning when the sediment reaches a 
depth of 1^ inches. Before dismantling a battery for 'Svasliing,’’ 
if practical, have it fully charged. Otherwise, if the plates are 
badly sulphated, they are likely to throw down considerable 
ment on the charge after the cleaning is completed 

There have been many complaants of lack of capacitji^v, froim 
batteries after washing. Almost without exception ^ife is found 
to be due to lack of a complete charge follQW^g the cleaning. 
The plates are frequently in a sulphated. -i^B'dition when dis- 
mantled and in any case are exposed to the air during the clean- 
ing process, and thus lose more or J^tof their charge^/ When 
re-assembled, they consequently need a very complete charge, and 
in some cases the equivalent of the initial charge, and unless this 
charge is given, the cells will not show capacity and will soon 
give trouble again. This charge should be as complete as that de- 
scribed elsewhere in connection with the initial charge. 

Flushing’^ or replacing evaporation in cells with eleetrol3rte 
instead of water, is a most common mistake. The plates of a 
storage battery must always be kept covered with electrolyte, but 
the evaporation must be replaced with pure water only. There 
seems to be a^ore or less general tendency to confuse the elec- 
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trolyte of a storage battery with that of a primary cell. The 
latter becomes weakened as the cell discharges and eventually re- 
quires renewal. With the storage battery, however, this is not 
the case, at least to anything like the same degree, and unless acid 
is actually lost through slopping or a broken jar, it should not 



Fig. 228. — Simple Stand for Carrying Electrolyte or Distilled Water at A. 
Method of Using EolUnson Bectifier Shown at B. 


be necessary to add anything but water to the cells between clean- 
ings. Acid goes into the plates during discharge, but with proper 
charging it will all be driven out again so that there will be practi- 
cally no loss in the specific gravity readings, or at least one so 
slight that it does not require adjustment between cleanings. 
Thus, unless some of tlie electrolyte has actually been lost, if the 
specific gravity readings are low, it is an indication that some- 
thing is wrong, but the trouble is not that tiie readings are low, 
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but that something is causing them to be low, and the proper thing 
to do is to remove the cause and not try to cover it up by doctor- 
ing the indicator. The acid is in the cells and if it does not show 
in the readings, it must be in the form of sulphate, and the proper 
thing to do is to remove the cause of the sulphation if there is 
one, and then with proper charging, drive the acid out of the 
plates and the specific gravity readings will then come back to the 
proper point. The too-frequent practice in such cases is to add 
electrMyte to the cells in order to bring up the readings, which 
as already explained, are only the indication of the trouble, and 
this further aggravates the condition, until finally the plates be- 
come so sulphated that lack of capacity causes a complaint. This 
practice of adding electrolyte to cells instead of water, seems to 
be coming more and more common. 

If there ^s any doubt about the polarity of the plates when re- 
assembling after cleaning it is well to note that the positive plate 
is chocolate in color and the negative is gray. 

When plates are sulphated, to restore them to their original 
condition it is necessary that the battery be given a long, slow 
charge at about a quarter or a third of the normal charging rate. 
This should be continued until the electrolyte has reached the 
proper specific gravity and the voltage has attained its maximum. 

It should be understood that sulphating is a normal as well 
as an abnormal process in the charge and discharge of storage 
batteries, and the difference is in the degree, not the process. The 
abnormal condition is that ordinarily referred to by the term. In 
normal service sulphating does not reach the point where it is 
difficult to reduce, but if carried too far, the condition becomes so 
complete that it is difficult to reduce, and injury results. A very 
crude method of illustrating the different degrees of sulphating is 
to consider it as beginning in individual particles uniformly dis- 
tributed throughout the active material. Each particle of sulphate 
is then entirely surrounded by active material. The sulphate itself 
is a non-conductor, but being surrounded by active material, the 
current can reach it from all sides and it is easily reduced. This 
is normal sulphate. As the action goes further the particles of 
sulphate become larger and join together and their outside con- 
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ducting surface is greatly reduced in comparison with their vol- 
ume so that it becomes increasingly difficult to reduce them and 
we have abnormal sulphate. 

The general cure for sulphating is charging, so that a cell hav- 
ing been mechanically restored, the electrical restoration consists 
simply in the proper charging. I^lphate reduces slowly and on 
this account it is a good plan to a rather L.w current rate. 
High rates cause excessive gai^ipg, Seating and do not hasten the 
process appreciably, so that it is ffie safer «j^"vpll as the more 
efficient plan to go slowly. A good rate is about one-fifth normal. 
The length of charge will dep^d i|pon the degr^ of sulphating. 
In one actual case it required three months' charging night and 
day to complete the operation, but this was, of course, an excep- 
tional one. The aim should be to continue until careful voltage 
and gravity readings show no further increase for at least ten 
hours and an absolute maximum has been reached. In serious 
cases it may be advisable to even exceed this time in order to 
make sjijsolutely sure that all sulphate is reduced, and where there 
is any qi^tion it is much safer to charge too long, rather than to 
risk off too soon. A partial charge is only a temporary 

expedi^^ the cell still being sulphated will drop behind again. 

Batiwy Charging Apparatus. — The apparatus to be used in 
charging a storage battery depends upon the voltage and character 
of the current available for that purpose. Where direct current 
can be obtained the apparatus needed is very simple, consisting 
merely of some form of resistance device to regulate the amperage 
of the current allowed to flow through the battery. The internal 
resistance of a storage battery is very low and if it were coupled 
directly into a circuit without the interposition of additional re- 
sistance an excessive amount of current would flow through the 
battery and injure the plates. When an alternating current is 
used it is necessary to change this to a uni-directional flow before 
it can be passed through the battery. Alternating current is that 
which flows first in one direction and immediately afterward in 
the reverse direction. When used in charging storage batteries 
some form of rectifier is essential. The rectifier may be a simple 
form as shown at Fig. 227, A, which is intended to be coupled di- 
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rectly into a lighting circuit by screwing the plug attached to the 
flexible cord in the lamp socket. A rotary converter set such as 
shown at B, may also be used, in this the alternating current is 
depended on to run an electric motor which drives the armature 
of a direct current dynamo. The current to charge the battery 
is taken from the dynamo, as it is suitable for the purpose, whereas 
that flowing through the motor cannot be used directly. 

The view at Fig. 227, shows a usual form of hydrometer- 
syringe which is introduced 'Soto the vent hole of the storage bat- 
tery such as shbwn at E and enough electrolyte drawn out of the 
cell to determiisie its specific gravity. This is shown on the* hydrom- 
eter scale as indicated .in the enlarged section at D. A very 
useful appliance where considerable storage battery work is done 
is shown at Fig. 228, A. This is a stand of simple form designed 
to carry a carboy containing either acid, distilled water, or elec- 
trolyte. In fact, it might be desirable to have three of these stands, 
which are inexpensive, one for each of the liquids mentioned. In 
many repair shops the replenishing of storage batteries is done in 
a wasteful manner as the liquid is carried around in a bottle or 
old water pitcher and poured from that container into battery, 
often without the use of a funnel. The chances of spilling are, of 
course, greater than if the liquids were carefully handled afrndjc^re 
time than necessary is consumed in doing the work. The stand fihown 
is about 5 feet high and is fitted with castors so it niay:,^^ easily 
moved about the shop if necessary. For example, in Wiping care 
of electric vehicle batteries it may be easier to move the carboy 
to the battery than to remove llie heavy battery from the auto- 
mobile. The container for the liquid is placed on top of the stand 
and the liquid is conveyed from it by a rubber tube. The rubber 
tube is attached to a glass tube extending down nearly to the 
bottom of the liquid. At the bottom of the rubber tube an ordi- 
nary chemist’s clip which controls the flow of liquid is placed. In 
order to start a flow of liquid it is necessary to blow into a bent 
glass vent tube which is also inserted into the stopper. Once the 
rubber tube has become filled with liquid merely opening the clip 
will allow the liquid to flow into the battery as desired. 

In most communities the incandescent lighting circuit is used 
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for charging batteries on account of the voltage of the power 
circuits being too high. The incandescent lighting circuit may be 
any one of six forms. A direct current of either 110 or 220 volts 
used over short distances, either 220 or 440 volts on three wire 
circuits over long distances, alternating eurrept at a constant 
potential, usually 110 volts and in various polyphase systems. It 
might be stated that in the majority of instances house and garage 
lighting circuits furnish direct current of 110 vplts. We will con- 
sider the devices used with the alternating form one of which is 
shown at Fig. 228, B. This is known as the Rollinson electrolytic 
rectifier which is based upon the following principles: When an 
element of aluminum and a corresponding element or plate of iron 
are submerged in a solution of certain salts, using these elements 
as negative and positive terminals, respectively, the passage of an 
electric current through the solution produces a chemical action 
which forms hydroxide of aluminum. A film of hydroxide thus 
formed on the aluminum element repels the current. The arrange- 
ment of the cell will then permit current to pass through it in one 
direction only, the film of chemical preventing it from passing in 
the opposite direction. The result is that if an alternating cur- 
rent is supplied to the cell a direct pulsating current can be ob- 
tained from it. The outfits usually include a transformer for 
reducing the line voltage to the lower voltages needed for battery 
charging purposes. Regulation of the current is effected in the 
simplest type by immersing the elements more or less in the solu- 
tion in the jar. As complete instructions are furnished by the 
manufacturers it will not be necessary to consider this form of 
rectifier in detail. 

One of the most commonly used rectifying means is the mercury 
arc bulb. This device is a large glass tube of peculiar shape, as 
shown at Pig. 229, which contains in the base a quantity of mer- 
cury. On either side of this lower portion two arms of the glass 
bulbs extend outwardly, these being formed at their extremities 
into graphite terminals or anodes indicated as A and A-1. The 
current from the auto transformer is then attached one to each 
side. The base forms the cathode or mercury terminal for the 
negative wires. The theory of this action is somewhat complicated, 
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but may be explained simply without going too much into detail. 
The interior of the tube is in a condition of partial vacuum and 
while the mercury is in a state of excitation a vapor is supplied. 
This condition can be kept up only as long as there is a current 
flowing toward the negative. If the direction of the current be 



Fig. 229. — Wiring Diagram Defining Dse of Mercury Arc Rectifier. 


reversed so that the formerly negative pole becomes a positive the 
current ceases to flow, as in order to pass in the opposite direc- 
tion it would require the formation of a new cathode element. 
Therefore the flow is always toward one electrode which is kept 
excited by it. A tube of this nature would cease to operate on 
alternating current voltage after half a cycle if some means were 
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not provided to maintain a flow continuously toward the negative ^ 
electrode. In the General Electric rectifier tube there are two 
anodes and one cathode. Each of the former is connected to a 
separate side of the alternating current supply and also through 
reactances to one side of the load and the cathode to the other. 
As the current alternates, first one anode and then the other be- 
comes positive and there is a continuous flow towards the mercury 
cathode thence through the load (in this case the battery to be 
charged) and back to the opposite side of the supply through a 
reactance. At each reversal the latter discharges, thus maintaining 
the arc until the voltage reaches the value required to maintain 
the current against the counter E. M. F. and also reducing the 
fluctuations in the direct current. In this way, a true continuous 
flow is obtained with very small loss in transformation. 

A small electrode connected to one side of the alternating cir- 
cuit is used for starting the arc. A slight tilting of the tube makes 
a mercury bridge between the terminal and draws an arc as soon 
as the tube is turned to a vertical position. The ordinary form 
used for vehicle batteries has a maximum current capacity of 30 
amperes for charging the lead plate type and a larger form in- 
tended for use with Edison batteries yields up to a limit of 50 
amperes. Those for charging ignition batteries will pass 5 am- 
peres for one to charge six cells and a larger one that will pass 
10 amperes for from three to ten batteries. As is true of the electro- 
lytic rectifier coinx^lete instructions are furnished by the manu- 
facturer for their use. 

The Wagner device, which is shown at Fig. 227, A, operates 
on a new principle and comprises a small two coil transformer to 
reduce the line voltage to a low figure; the rectifier proper which 
consists of a vibrating armature in connection with an electro 
magnet and a resistance to limit the flow of the charging current. 
A meter is included as an integral part of the set for measuring 
the current flow\ All sets are sold for use with ignition or light- 
ing batteries of low voltage with a lamp socket plug and attach- 
ing cord, the idea being to utilize an ordinary lighting circuit of 
110 volts A. C. The magnet and vibrating armature accomplish 
the rectification of the current with little loss, the action after 
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connection to the battery which is to be charged proceeding auto- 
matically. By a simple device, the current stoppage throws the 
main contacts open so the partially charged battery cannot be 
rapidly discharged. While the rectifiers are constructed to use 
60 cycle, 110 volt alternating current they will work at all fre- 
quencies from 57 to 63. The size made will pass three to five 
an^eres, the voltage being sufficient to recharge a three cell battery. 

When batteries are to be charged from a direct current it is 
possible to use a rheostat to regulate the voltage at the terminals. 
The construction of a rheostat is very simple as it consists only 
of a group of high resistance coils of wire mounted in insulating 
material and having suitable connections with segments on the 
base plate upon which is mounted the operating arm that makes 
the contact. According to the manner m which these are made 
and wired a large resistance is introduced at first, gradually de- 
creasing as the lever is moved over or it may operate in the re- 
verse fashion, a large amount of current being allowed to pass 
at the first contact and less as the handle progresses across the 
path. Rheostats should only be purchased after consulting a cap- 
able electrician as the required resistance must be figured out 
from the voltage of the circuit to be used, the maximum b^t^ery 
current, the charging rate in amperes and the number of cells to 
‘be charged at one time. 

By far the simplest method of charging storage batteries is 
by interposing a lamp bank resistance instead of the rheostat. 
These are easily made by auy garage mechanic and are very satis- 
factory for charging ignition or lighting batteries. Standard car- 
bon lamps of the voltage of the circuit shown should be used and 
the amperes needed for charging can be controlled by varying the 
candle power and tho number of lamps used. If the lamps are to 
operate on 110 volt circuit, a 16 candle power carbon filament 
lamp wall permit one-half ampere to pass; a '32 candle power will 
allow 1 ampere to pass. If it is desired, therefore, to pass three am- 
peres through the battery, one could use 3-32 candle power lamps, 
or 6-16 candle power lamps. If the lamps are to burn on 220 volts 
it should be remembered that when the voltage is doubled the 
amperage is cut in half, therefore the 32 candle power, 220 volt 
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carbon filament bulbfe will only pass half an ampere. The . 

of wiring is very simple as may be readily ascertained by re- 
ferring to Pig. 230. The line wires are attached to a fuse bjock 
and then to a double knife switch. The switch and fuse block 
are usually mounted on a panel of insulating material such as 
slate or marble. One of the wires, the positive of the circuit, runs 
from the switch directly to the positive terminal of the storage 



Fig. 230. — Charging Storage Battery from Direct Current. 


battery. The negative wire from the switch passes to the lamp 
bank resistance. The lamx)s are placed in parallel connection with 
respect to each other but in series connection in respect to the 
battery. When coupled in this manner the current must overcome 
the combined resistance of the storage battery which is very low 
and that of the lamps. This prevents the battery being charged 
with current of too high voltage. 

A complete commercial installation w^hich has been used suc- 
cessfully with a direct current of 110 volts pressure and which 
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has a capacity for charging 30-6 volt batteries simultaneously is 
c««iposed of two charging sets either of which may be employed 
in^ifependently or both may be used at same time. The method 
of Mring is clearly shown at Fig. 231. In this a three wire system 
Is employed for lighting. This consists of one positive wire and 
two negative conductors, forming in reality two separate circuits 
m that one half of the installation is on one wire, while the re- 
mainder is on the other two. An upper branch is used merely 
for illumination. On either half of the three wire double circuit 
is placed a bank of lamps, these being in series with the batteries 
but the lamps are in multiple with each other. The board at the 
left has 9 sockets, that at the right 12 sockets. The number of 
lamps placed in these and their candle power regulate the amount 
of current in amperes that will pass through the battery. As we 
have seen, battery manufacturers advise that certain minimum and 
maximum charging rates be used. Assuming that the maximum 
is 3 amperes, to pass a current of this value through the battery, 
it will be necessary to screw in 6-16 candle power lamps which will 
average 55 watts each, which means that at a pressure of 110 volts 
they require a current strength of half ampere. If fitted with 16 
candle power lamps the 12 socket lamp bank will pass 6 amperes, 
and double this amount with lamps of twuce the candle power^ 
The meter installation shown between the charging boards is to 
determine the amount of current passing through the storage bat- 
tery and as it is a low reading instrument, a low resistance shunt 
is interposed so that any overload will pass over shunt instead 
of through the instrument which is calibrated tg?! measure currents 
up to 30 amperes. With the small single blade knife s^tches in 
circuit the current will not pass through the instrument, as it is 
not advisable to include this in the circuit permanently, because 
the passage of current through the windings may result in in- 
jurious heating. To get a reading from either side the single blade 
switch is thrown off and the double throw male member of switch 
is placed in contact between the blades on the side of which a 
reading is to be taken. It will be seen that the wires are crossed 
at the right of the two-way switch to cause the current to flow 
through the instrument in the right direction and also to have 
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the negative terminal of each charging board at the left. 1'hiji 
eliminates any confusion and the terminals are plainly marked 
so it is not possible to make a mistake when coupling batteries. 
When more than one battery or set of cells is being charged they 
are wired in series, the negative terminal of one battery being 
coupled to the positive terminal of the neighboring one. In con- 
necting a battery to the charging board the negative wire should 



always be coupled to the negative terminal of the battery and the 
positive wire to the corresponding battery terminal. 

Features of the Edison Cell. — The instructions given apply 
only to batteries of the lead plate type and not to the Edison bat- 
tery, which is entirely different in construction. The Edison cell 
uses an electrolyte consisting of 21% solution of potash in distilled 
water so that the electrolyte is alkaline instead of acidulous. The 
positive plates consist of a series of perforated steel tubes which 
are heavily nickel-plated and which are filled with alternate layers 
of nickel hydroxide and pure metallic nickel in very thin plates. 
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The tube is drawn from a perforated ribbon of steel, nickel-plated 
and has a spiral lapped seam. After being filled with active ma- 
terial it is reenforced with eight steel bands which prevent the 
tube expanding away from and breaking contact with its con- 
tents. The negative plate consists of a grid of cold rolled steel, 
also heavily nickel-plated, holding a number of rectangular pockets 
filled with powdered iron oxide. These pockets are also made up 
of finely perforated steel, nickel-plated. After the pockets are 
filled they are inserted in the grid and subjected to considerable 
pressure between dies which corrugate the surfaces of the pockets 
and forces them into positive contact with the grids. These ele- 
ments are housed in a jar or container made from cold rolled steel 
which is thoroughly welded at the seams and heavily nickel-plated. 
The plates are assembled in positive and negative groups by means 
of threaded steel rods passing through holes in one corner of the 
plates and insulating washers. The terminal post is secured to 
the middle of the rod. The complete element or plate assembly 
stands on hard rubber bridges on the bottom of the can and is 
kept out of contact with the sides of tlie container by hard rubber 
spacers attached to the end. The can cover is also of sheet steel 
and contains fittings through which the electrodes pass, these being 
insulated from the cover by bushings of insulating material. A 
combined filling aperture and vent plug is secured to the center of 
the cover plate. For 6 volt ignition and lighting servic^ji^ 
necessary to use 5 cells owing to the lesser voltage of the Ediison 
batteries. The average voltage during discharge is but volts 
per cell and is not as constant as is the case with a lead battery, 
the voltage of which may be as high as 2.5 volts per cell. 

An Edison 6.5 volt battery used for lighti!^ ignition may 
be charged completely in ten hours. A feature of the Edison 
battery is that overcharging at liormal rate" ha,« no harmful 
effects and it is advised by the maker to give tlie, battery a 12 
hour charge once every 60 days or when the i^lectrolyte is re- 
plenished. The electrolyte must be kept sufficiently high so as to 
cover the plates and any lass by evaporation must be compensated 
for by the addition of distilled water. Another feature in which* 
the Edison battery is superior to the lead plate type is that the 
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plates will not be injnred if the cells ate allowed to stand in a' dis-^ 
charged condition. The external portions of the cells must be 
kept clean and dry because the container or can is made of a con- 
ducting material. The vent caps must be kept closed except when 
replacing electrolyte or bringing the level up to the proper height 
by adding distilled water. Care should be taken to avoid short 
circuiting of the battery by tools or metal objects and special em- 
phasis is laid on the precaution that no acid or electrol 3 d:e con- 
taining acid be poured into the cells. It is said that the Edison 
battery lias a longer life than the lead plate type of equal capacity. 

Winter Care of Storage Batteries. — It vould not do simplj’' 
to leave the battery in the car for a period of, say, 4 or 5 months 
without giving it any care or attention, for in that case at the 
end of that time it would be found to have its plates so thickly 
covered vith lead sulphate as to make it practically useless. For 
storage batteries '‘to rest is to rust” and become ruined, unless 
special precautions are taken. Automobile storage batteries are 
all or nearly all of the sealed-in type from which the elements 
cannot be removed without a great deal of trouble. Therefore, 
the only method of keeping the plates intact consists in charging 
the feattcr>" at intervals of about two weeks. The following ad- 
vice concerning the care of batteries during a protracted period 
of idleness of tlie ear is due to the Willard Storage Battery Co., 
and refers especially to the batteries of starting and lighting 
systems. 

At intervals of 2 weeks the engine should be run until the 
elec||^^te shows a specific gravity of 1.280. If this is done regu- 
larly^fll^ engine need be run onl}^ about an hour each time. But 
if th^^wner should not be in possession of an hydrometer, it is 
better to run the engine for 2 or 3 hours each time, for the sake « 
of safety. To charge the battery properly the engine should be 
run at a speed corresponding to a car speed of about 20 mph on 
the direct drive. There may be cases, however, where the owner 
is compelled to store his car in a space where it is practically im- 
possible to run the engine. Wliere this is the case, it is recom- 
mended, if electric current is available, that the owner purchase 
a rectifier or small charging machine. A charge over nigiit, or 
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•/for about 12 hours, every 2 weeks with this apparatus will be 
^ sufficient to keep the battery in a healthy condition. Before be- 
ginning the charging the battery should be inspected to see if it is 
filled with solution. If the solution needs replenishing, distilled 
water should be added until the solution fully covers the plates, 
which may be determined by removing the vent plugs and looking 
down into the cells. In case it is impossible to run the engine for 
charging and the owner does not care to incur the expense of 
purchasing a rectifier, he should remove the battery from the car 
and aM|tnge for its storage at a garage which has charging facili- 
tieSjj^lipulating that it must be charged every 2 weeks. The cost 
ofAaving it so cared for will be nominal and will prove excellent 
insurance against deterioration. 

To care for storage batteries of a type that is easily taken apart 
the following method is recommended: First charge the battery 
until every cell is in a state of complete charge. If there should 
be any short circuited cells they should be put into condition be- 
fore the charge is commenced, so that they will receive the full 
benefit of the charge. Then remove the elements from the jars, 
separating the positive from the negative groups, and place in 
water for about 1 hour to dissolve out any electrolyte adhering to 
the plates. Then withdraw the groups and allow them to dr^ 
and dry. The positives when dry are ready to be put away, 
the negatives in drying become hot enough to steam, th^Whntdd 
be rinsed or sprinkled again with clean water and 
to dry thoroughly. When dry, the negatives should be replaced > 
in the electrolyte (of from 1.275 to 1.300 specific gravity), care 
being taken to immerse them completely and allow them to so^ik for 
3 or 4 hours. Two groups may be placed iu a jar and tlie jar 
filled with electrolyte. After rinsing and drying the plates are 
ready to be put away. 

The rubber separators should be rinsed .i^^water. Wood sepa- 
rators after having been in service, will ndlf^tand much handling 
and had better be thrown away. If it is thought worth while to 
keep them they must be immersed in water or weak electrolyte, 
and in reassembling the electrolyte must be put into the cells im- 
mediately, as w^et wood separators must not stand exposed to the 
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air for any unnecessary moment, especially wh6n in contact with, 
plates. Storage batteries always should be stored in a dry place, 
preferably in one where the temperature wdll nf^ver fall below 40® 
Fahr. Storage battery solution or electrolytt' Yaries greatly in 
density between the points of complete charge and complete dis- 
charge. When completely discharged the electrolyte of the aver- 
age battery has a specific gravity of 1.14, and a, sulphuric acid 
solution of 1.14 specific gravity has a freezing point of about 10® 
Fahr. Therefore, if a completely discharged battery is allowed to 
stand w^here it is exposed to extremely low temperature it is quite 
possible for the electrolyte to freeze and the cells to be injured in 
consequence. However, as already pointed out, a battery for other 
reasons must not be allowed to stand in the discharged condition 
for any length of time. With increasing charge the density of the 
electrolyte increases until, when the charge is complete, it attains 
1.28 specific gravity. The freezing temperature of the solution 
drox)8 very quickly as the specific gravity increases, somewhat as 
follows : 

Spec Gra\ 

1 14 
1 16 
1 175 
1 20 
1 225 
1 25 

% 1 2 S 

'Consequently there is no possibility of a storage battery being 
injured by freezing in this latitude if it is kept in a fair state of 
charge. 

Timer Defects and Restoration. — In any high tension ignition 1 
system the primary circuit either of the battery or the magneto 
must be interrupted at stated times in order to produce the spark 
necessary to ignite the gaseous charge at the instant of maximum 
compression or when the piston reaches the end of its up stroke. 
A timer is really a mechanically operated switch capable of es- 
tablishing a large number of contacts per minute without undue 
depreciation. The timer shown at Fig. 232, is used on the Ford 
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motor and is the surviving type of numerous designs that have 
h^n made for this purpose. This device is sometimes called a 
‘^cwithutator’’ and consists of an aluminum case circular in form 
and having a projecting bushing or passage through which the 
camshaft of the motor extends. The contact is established by a 
revolving arm which carries a roller that makes contact with seg- 
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Fig. 232. — Tuner Used on Ford Automobiles. > 
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ments or blocks imbedded in a fibre ring which serves to insulate 
them from the metal parts of the timer. 

The number of contact segments and theilr placing depends 
upon the number of cylinders it is necessary to ignite. On a four 
cylinder motor four contact blocks ai^ used, spaced 90 degrees 
apart. For a two cylinder motor of the form ordinarily applied 
to automobiles but two of the blocks would be used, spaced on 
halves of the circle or 180 degrees apart. For a three cylinder 
motor three contact segments would be needed, each separated 
from the other by a space of 120 degrees. On a six cylinder en- 
gine there would be one contact for each cylinder which would 
mean that the contact blocks would be separated by spaces of 60 
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degrees. The rotary portion of the timer usnally revolyes at cam- 
shaft speed and should be timed in such a way that when the pis- 
ton in cylinder No. 1 is at the top of its compression stroke the 
roller will be in contact with the segment that is vjonnected to No. 1 
spark coil by a wire. The arrangement of the remaining terminals 
depends upon the firing order of the motor. For instance, if it is 
1, 2, 4, 3, the next terminal in the direction of rolier'^arm rotation 
would be coupled to coil unit No. 2, that following to coil unit 
No. 4, and the remaining terminal to coil unit No. 3. 

When a timer of this form is used, ignition is apt to be irregu- 
lar should the spring attached to the free end of the roller arm 
break. If the interior of the device is filled with dirty oil, the 
current is apt to be short circuited. If the device has been oiled 
with a lubricant having too much body, the roller is not apt to 
make good contact with the metal segments and ignition will be 
erratic. Depreciation in the bearing pin on which the roller ro- 
tates or of the fulcrum pin on which the roller arm swings will also 
result in irregular ignition. If the motor runs steadily at low 
speeds but misses fire at high speeds, and the trouble has been 
traced to the timer, it is necessary to feel around the inside of 
the fiber ring with the finger to see that this is smooth and per- 
fectly round, and that the contact block faces are flush with the 
surface of the ring. If the blocks are worn below the surface of 
the ring, the roller is apt to jump the space at high speeds, due 
to low block, and not establish an electrical contact. At low 
sp|j^ds the tension of the spring is sufficient to keep the roller 
beaming against the contact blocks, as it will follow the irregular 
contour of the timer interior without difficulty. If the segments 
are badly worn and the fiber ring roughened, the timer casing 
should be chucked in a lathe or grinding machine and the interior 
ground smooth and perfectly round with a small emery wheel. 
The writer has seen some mechanics attempt to take a light chip 
out of the timer interior, as they w^ere ignorant of the fact that 
the contact blocks w^ere of tool steel and hardened. A fast-running, 
free-cutting emery wheel is the best tool to use for smoothing 
down hardened steel segments. The stem or bolt attached to the 
contact block must pass through a fiber washer or bushing in 
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order that it be insulated from the timer body. If these bushings 
cracky there may be an opportunity for leakage of current, espe- 
cially on the Ford car, where the ignition current is derived from 
the magneto and is stronger than that usually produced by a 
chemical battery. 

Another form of timer is shown at Pig. 233. In this the 
contact is established betw^een balls and a contact roller. In order 
,to eliminate the wear that is unavoidable with plain bearing timers 



Fig. 233. — Showing; Constnictlon of Ball Contact Tuner. 


the casing carries ball .parings which are used to support the 
central hollow revolving iaember. Some timers of the form shown 
at Fig. 232 are fitt^ with a plain bearing which wears after 
the timer has been niwed and which produces irregular ignition 
due to a poor ground contact. Battery timers of the forms out- 



Timer Defects and Restoration 475 

lined are seldom used at the present time, as they have been suc« 
ceeded by the more efficient short contact types. A notable excep- 
tion to this almost general rule is the Ford car, which is manu- 
factured in immense quantities and which utilizes the roller con- 
tact timer previously described. 


Co// 



Fig. 234. — Atwater Kent TJni-Sparker System. 


One of the best known of the short contact forms of timer is 
the Atwater-Kent, which is usually combined with a secondary 
distributor as shown at Fig. 235. The method of placing this 
timing and distributing member in circuit is clearly shown in 
wiring diagram Fig. 234. The advantage of a timer of the form 
shown, as contrasted to the simple type previously considered, is 
that a one unit induction coil will serve any number of cylinders 
from 2 to 8, whereas with the roller type shown at Fig. 232 a 
separate induction coil is needed for each cylinder to be fired. 
It will be observed that the coil used wuth the Atwater-Kent 
system has five terminals, four of these being primary terminals, 
one at the center of the coil box a secondary or high tension ter- 
minal. A set of six dry cells connected in series is wired to one 
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side of the coil box as indicated. One of the two remaining pri- 
mary terminals runs to the primary contact at the bottom of the 
interrupter, the other to a grounding screw attached to the inter- 
rupter easing. The secondary terminal is connected to the central 
terminal of the distributor, while the remaining four terminals 
are joined to the plugs in the engine cylinders in such order as 
to insure proper sequence of explosions. The external view of 



Fig. 235. — Showing Construction of Atwater ISent Unl-Sparker. 
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the Atwater-Kent uni-sparker is shown at Fig, 235, A. In this 
a centrifugal mechanfem is eopt^ed in the lower part of the 
casing by which the spark is automatically adwanced as the speed 
of the engine increases. 

The only points that wiB^wear on a device of this character are 
the contact points which a:^ clearly shown in the view of the 
contact breaker mechanisnti" at B. The revolving shaft in the 
center has a number of inches, two, three, four, six, or eight, 
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according to the number of cylinders to be jSred, cut into it, A 
light, hardened steel trigger is held against the shaft at this point 
by a small spring. On turning the shaft this trigger is carried 
forward by the notches in the shaft, and is suddenly released as the 
hook end leaves the notch. In so doing the back of the trigger 
strikes a small pivoted hammer situated betwecr the trigger and 
the spring carrying the contact points. This ceusee the contact 
points to open and close with remarkable rapidity, but one contact 
being made for each spark. When it is desired to adjust the plat- 
inum contact points, as when they show signs of wear, it is only 
necessary to remove one or more of a number of extremely thin 
washers under the head of the adjustment screvr and to replace 
the screw. The contact points should be absolutely clean and 
bright and have smooth contacting surfaces. The distributor por- 
tion of the device consists of a hard rubber block fitted to the 
top of the primary shaft, this carrying a brass quadrant that 
passes the high tension current to the spark plugs by means of the 
terminal points imbedded in the hemispherical cover. There is no 
actual contact between the rotating quadrant and the distributor 
points, as the high tension current is capable of jumping the very 
slight gap that exists between them. Owing to there being no act- 
ual contact, there will be no depreciation in the distributor or 
upper portion. The center terminal, which is in connection with 
the induction coil, is a combination of carbon and brass, and a 
light, fiat spring on the quadrant bears against it to maintain 
positive electrical connection. The distributor cover is easily re- 
moyed without the use of tools, as it is held by spring clips. 
Location or dowel pins in its lower edge insure that it will be 
replaced in the correct position. 

One of the most popular of the combined starting, lighting and 
ignition systems is the Delco, which is shown at Fig, 236. For 
the present w^e will concern ourselves merely with discussing the 
Ignition functions of the system, leaving the self-starting and 
electric lighting features for more comprehensive consideration in 
the following chapter. Current is produced by a one unit type 
motor-generator, although the windings of the device when oper- 
ated as a motor or a generator are entirely separate. The ignition 
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current is obtained either from a storage battery which is kept in 
a state of charge by the generator, or from a set of diy cells 
which are carried for reserve ignition. The ignition system con- 
sists of a one unit non-vibrator coil, sometime'^ attached to the 
top of the motor generator, as shown at Pig. 236, though it may 
be placed at any convenient part of the car and a dual automatic 
distributor and timer usually included as a part qi the device 
as shown. When ignition current is supplied from the lighting 
circuit the current passes from the storage battery through a switch 
and out to the low tension winding of the coil, from whence it 
passes to the timer and from there to the frame, where it is 
grounded. The high tension current generated in the coil runs 
to the distributor, where it is switched to the spark plug in the 
different cylinders in turn. 

When dry cells are used for ignition the operation is the same 
except that a device called ‘Hhe ignition relay, and shown at 
the right of Fig. 238, is added to the circuit. The function of 
this device is to break the circuit immediately after it has been 
completed by the contact points of the timer, which is shown at 
the left. The use of the ignition relay results in a material saving 
of the battery current as the circuit is closed a much shorter time 
than is the case vhen the circuit is broken by the timer contacts 
themselves. The operation of the relay is not difficult to under- 
stand. The magnet A attracts the armature B when the circuit 
is completed through the timer. This action opens contact C and 
breaks the timer circuit. A condenser D is mounted besides the 
magnet coil A, in order to absorb the current produced by self- 
induction in the magnet winding, which would be apt to produce 
a hot spark between the contact points when they were separated 
if no means were taken for its disposal. The adjustment of the 
relay is at the pole piece E. This regulates the distance between 
the armature B and the magnet pole, and the gap between the 
contacts C. The adjustment is made by turning the notched head 
at E clockwise to increase, anti-clockwise to decrease, the gap be- 
tween the contacts. The correct distance between contacts C when 
the armature B is pressed down is equal to approximately the 
thickness of one sheet of newspaper. A very simple way in which 
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adjustment can be made when the engine is running on the 
battery is to turn the notched head of the pole piece in the counter- 
clockwise direction until the motor ceases to fire. Then turn it 
four or five notches in the opposite direction. Under no condi- 
tions should the adjustment screw be turned very far in either 
direction. If the armature vibrates feebly w^hen the starting but- 



Fig. 237. — Some of the Kegulating Devices Used with the XM09 S^irtem. 


ton is pressed it indicates either weak dry c^s or dirt between 
the relay or timer contacts. 

The interior arrangement of a timer for both dry cells and 
storage battery current is shown at Pig. 238. The cam C is 
driven by a rotating shaft and eastablishes contact between the 
points when the cam Irider risca on the point of the cam. When 
the cam rider drops into the notch between the high points the 
contact points separate. The same instructions that have been 
given for the contact pointe of the Atwater-Kent timer apply just 
as well in this case. WTi0e the contact points are but one-eighth 
inch in diameter, it is sa^d that many thousands of miles of service 
may be obtained without readjtrlsting. It is important that the 
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contact spring, which is the straight one carrying the, platinum 
point, should have a good tension outward against the cam rider 
member below it. It is said that this spring should be capable 
of supporting the weight of half a pound. If Ihe tension is not 
sufficiently great the contact points barely break contact which 
permits the spark to arc between them, tending to burn them. 


C 



Fig. 238. — Short Contact Timer and Ignition Belay Used with the D<dco 

System. 

The contact should be so adjusted that the contact spring is 
forced away from the breaker member at least half the distance 
of the T-slot on the vertical part of the cam rider, when the latter 
is on the contact lobe of the cam. The contact points should open 
about ten one-thousandths (.010 inch) inch when the contact arm 
rests upon the back stop. The contact arm should clear the cam 
except at the contact lobe. A short wire connects the two posts 
of the breaker arms and this connection should always be inspected 
when making adjustments to insure that it has not been disturbed. 
It is said that if this wire is disconnected the current will pass 
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through the contact spring, impairing its tension. Whenever the 
contact points are cleaned care should be taken to have the sur- 
faces parallel. 

In some of the Delco ignition systems an automatic spark ad- 
vance mechanism is used. The usual method of wiring when the 
distributor is a separate member from the generator is shown at 
A, the left of Fig. 237. The construction of the automatic spark 
advance mechanism is shown at B. In this the shaft wdiich trans- 
mits motion to the timer is in the form of a tube T, revolved by 
spiral gears. An inclined slot is cut through the walls of this hol- 
low driving member. A smaller shaft is carried inside of the 
hollow member, and a vertical slot is cut through this shaft in 
order to permit a pin to pass through it, said pin being actuated 
by a collar adapted to slide up and down on the outside of the 
hollow driving shaft. The pm passes through both the straight 
slot in the small shaft and the incline slot in the hollow driving 
member. If the collar holding the pm is moved it will change its 
angular relation with the small shaft which will advance the tim- 
ing cam of the contact breaker. The collar is shifted by a spring 
loaded revolving ring R, wdiich moves from the position shown in 
the drawing to a horizontal position as the speed increases. This 
ring is connected to the sliding collar and caust^s it to rise, ad- 
vancing the spark as the engine speeds up or to fall, retarding 
the spark as the engine speed decreases. If desired, tho^park 
timing may be controlled independently of the automatic a.dvance 
mechanism by a spark lever connected to the correspondiitg mem- 
ber on the steering w^heeL 

In some of the Delco systems a voltage i^gtilator such as shown 
at C, Fig. 237, is used. The function of this device is to prevent 
too much current flowing to the storage battery when the engine 
IS running at high speed. As the vpltage of thp 4 «toi^e battery 
will vary with its condition of charge thi^ intensify the magnetic 
pull exerted by the solenoid A upon the piling#!'' C varies and 
causes a contact attached to the plunger to move m and out of the 
mercury which is contained in the bottom of the mercury tube B. 
When the battery is in a discharged condition the plunger C as- 
sumes a low position in the mercury tube, and when in this posi- 
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tion the coil of resistance wire carried upon the lower portion 
immersed in the mercury, and as the plunger rises the coil is 
withdrawn. As the plunger is withdrawn from the mercury more 
resistance is thrown into the circuit and the greater resistance 
causes the amount of current flowing to the battery to be grad- 
ually reduced as the battery nears the state of complete charge 
until finally the plunger is almost completely withdrawn from 
the mercury, throwing the entire length of the resistance coil into 
the shunt field circuit, thus causing an electrical balance between 
the battery and tlie generator and eliminating any possibility of 
overcharging the battery. A description of the voltage regulator 
follow^s. A solenoid coil A surrounds the upper half of a mercury- 
containing tube B.. A plunger C, comprising an iron tube with 
a coil of resistance wire R wrapped around the lower portion on 
top of mica insulation, is adapted to be drawn up into the sole- 
noid as the battery current increases in strength. One end of this 
resistance coil is attached to the lower end of the tube, the other 
end being connected to a rod B in the center of the plunger. The 
lower jiortion of the mercury tube is divided into tw’o concentric 
w^ells by an insulating member, the plunger tube being partly 
immersed in the outer wtII and the rod in the inner w^ell. The 
space in the mercury tube above the mercury is filled with a 
special oil, which serves to lubricate the plunger as well as pro- 
tect the mercury from oxidation. The device is connected to the 
shunt field of the generator so that the current must follow a 
path leading into the outer well of mercury through the resistance 
coil R to the rods carried at the center of the plunger, from 
thence into the center well of mercury and out of the regulator. 
The iSapre the resistance coil R is pulled out of the mercury the 
more resistance is interposed in the field circuit and a smaller 
amount of the generator current is going to charge the storage 
battery. 

It will be noticed that in the wiring diagram shown at Pig. 
236 a protective circuit breaker is attached to the switchboard. 
The function of this device is to open the circuit between the 
source of current supply (generator and storage battery) and the 
current consuming units (lamps, horn and ignition apparatus) 
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if one of the wires leading to a current consuming unit happens 
to become grounded. Under such a condition an excessive flow 
of current is possible on account of the lessened resistance of the 
circuit. Such a flow goes through the winding of the circuit 
breaking relay or protected circuit breaker, which produces a 
magnetic pull that opens the contact and cuts off the current 
supply. As soon as the contact is opened the magnetic pull 
ceases and the contact is closed again, re-establishing the magnetic 
pull and again opening the contact. The circuit breaker will 
continue to Aubrate until the ground or short circuit is located 
and corrected whenever any one of the svdtches controlling the 
current consuming units is pushed in to establish a circuit. The 
function of this protective circuit breaker is the same as a fuse 
block and fuse except that it is not necessary to keep replacing 
fuses. 

Battery Ignition Systems. — Because of the almost universal 
employment of electricity for lighting and starting systems, the 
battery ignition system has been improved materially inasmuch 
as the storage battery supplying the current is constantly charged 
by a generator. A number of s>"stems has been devised, these 
operating on two different principles, the open circuit, such as the 
Atwater-Kent, previously described, and the closed circuit. An 
example of the closed circuit system is shown at C, Fig. 239, and 
is of Connecticut design, the complete ignition system consisting 
of a combined timer and high tension distributor, a separate in- 
duction coil and a switch. The system is distinctive in that the 
timer is so constructed that the primary circuit of the coil is 
permitted to become thoroughly saturated with electricity before 
the points separate, with a result that a spark of maximum in- 
tensity is produced. The action is very much the same as that 
of a magneto on account of the saturation of the winding. An- 
other feature is the incorporation with the switch of a thermo- 
statically operated electro-magnetic device which automatically 
breaks the connection between the battery and the eoil should the 
switch be left on with the motor idle. , / 

The contact breaker mechanism consists of ^ arm A carrying 
one contact, a stationary block B carrying; other contact, a 
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rig. 239.— Typical Short Contact and Closed Circuit Battery Ignition Systans, 
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fiber roller R which is carried by the arm A and operated by points 
on the cam C, which is mounted on the driving shaft. Normally 
the contacts are held together under the action of a light spring. 
As the four cams, which in touching the roller R raise the arm and 
separate the contacts, are 90 degrees for a four-cylinder motor, 
the period of saturation of the coil or the length of time the cur- 
rent flows through it to the battery is sufficiently long so that 
when the points have separated the current which has ‘‘piled’’ 
up induces an intensely hot spark at the plugs. This is an ad- 
vantage inasmuch as it insures prompt starting and regular ignition 
at low engine speed as well as providing positive ignition at high 
epgine speed. 

The thermostatic circuit breaking mechanism is very simple. 
This consists of the thermostat T, which heats when the current 
passes through it for from thirty seconds to four minutes without 
interruption, and thus is bent downward, making contact with the 
contact L. This completes an electrical circuit which energizes 
the magnets M, causing the arm K to operate like the clapper in 
an electric bell. This arm strikes against the plate, which releases 
whichever of the two buttons in the switch may be depres^d. 

As will be observed, the transformer coil provided has flve 
terminals. One of these is connected directly with the ground, 
the other leads to the central secondary distributing brush of the 
timer-distributor. Of the three primary leads, one goes to the 
switch, one to the wire leading from the storage battery to the 
timer, and one directly to a terminal on the timer. The switch 
is provided with three buttons, the one marked B being depressed 
to start the engine, as the ignition current is then drawn from the 
storage battery. After the engine has been started the button 
marked M is pressed in, this taking the current directly ft*om the 
generator. To interrupt ignition the button “off” is pressed in, 
this releasing whichever of the buttons, B or M, is depressed. Four 
wires run from the distributor section of the igniter to the spark 
plug. 

The Remy system also operates on the closed circuit principle 
and is shown at A, Fig. 239, in a form adapted for six-cylinder 
engine ignition. The transformer coil is of the three terminal type, 
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one secondary going to the central secondary distributing brush 
of the timer while one primary is joined to the primary contact 
terminal of the timer portion of the igniter. The remaining coil 
terminal is joined to the switch. One of the poles of the storage 
battery and one of the series of dry connected cell batteries are 
grounded, while from the other two the wires run to the switch 
contacts. The current may thus be derived eithei from the dry 
cell batteries for emergency or from the storage battery for regular 
Ignition purposes. The construction of the timer which incor- 
porates the breaker mechanism is clearly shown. The movable 
platinum contact point is carried by the arm A, which fulcrums 
on the bearing S, and which has a piece of hard steel F riveted 
to it to act as a cam rider. The cam C is of hexagonal form, 
having six points which separate the contacts when they ride 
over the shoe P attached to the arm A. The fixed platinum con- 
tact point B is so arranged that it may be adjusted by moving 
in or out as conditions demand. It is to this member that the 
primary terminal of the coil is connected. 

A typical combined timer distributor knovn as the Halladay 
is shown at B, Fig. 239. The make and break mechanism is very 
simple in design, as is the distributing mechanism. The contact 
between the platinum points is established by a four point cam. 
The secondary current is distributed from the central terminal to 
the four distributing terminals by a carbon brush very much simi- 
lar in delign to that employed in a high tension magneto. This 
operates on the open circuit principle. 

Spark Plug Faults. — The part of the ignition system that is apt 
to give the most trouble, and for the most part through no fault 
of its own, is the spark plug which is placed in the combustion 
chamber in order to permit a spark to take place between the 
electrodes^ whenever it is necessary to explode a charge of gas. 
Spark plugs are made in infinite variety, some representative sim- 
ple form^eing shown at Fig. 240. Those in section at A, B and 
C utilize a porcelain insulator through whmh a central rod or 
electrode passes. This terminates at the top in a threaded mem- 
ber, to which the thumb nut is screwed. , In'* most plugs using 
porcelain insulators a cap is cemented to tbe top of th^ porcelain 
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in order to form a seating for the thumb nuts. The form outlined 
at A is the type of plug most generally used, as it is a simple and 
effective design. It is easier to clean the points or the interior 
of the body than in the form shown at B, which has a closed 
end and which must be dismembered in order to remove the sooty 
deposit from the insulator surface. The type of plug at C has 
a very fine wire imbedded in the lower portion of the porcelain, 
which is in connection with a conductor of heavier material used 
to transmit the current from the terminal nuts to the fine wire. 
The theory of action of a plug of this nature is that the fine wire 
is not so apt to be short circuited by soot as the projecting elec- 
trode forms are, and that the spark tends to clear away material 
that might short circuit the current by burning it. 

The plugs shown at D and E have mica insulators instead of 
porcelain. When mica is used a sheet of that material is wrapped 
around the central electrode several times, after which a series 
of mica w^asliers is clamped tightly together and turned down to 
form a smooth insulator. The plug at F is the only one mar- 
keted using glass insulation. Other plug forms made on the same 
general principles as that at A use lava or steatite as an insu- 
lator instead of the porcelain or mica. For all-around service the 
porcelain insulator gives the best results, as the mica and lava 
insulatojpy are apt to become oil soaked and permit the current 
to shorKircuit through the insulator and the plug body instead 
of jumping the air gap. Another representative form of spark 
plug stowing the proper space between the spark points is shown 
M Pig. >241, A. 

Th^l^ug at B is one that combines a priming feature and is 
intended for use in engines of the Ford type in which no pro- 
vision is made for using priming cups or compression relief cocks. 
The plug body is formed in such a way that a needle valve fitting 
inay be screwed into it, this being intended to close a passageway 
communicating from a channel around the top of the plug body 
to the interior of the plug body. It is said that if this needle 
valve is opened for a minute or so while the engine i^ running 
that there will be a tendency to clear the plug points of any loose 
oil or carbon. The compression may be relieved by opening the 
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needle valve, and if it is desired to inject gasoline into the cylinder 
to promote easy starting this may be easily done by filling the 
channel or groove on top of the plug body with the fuel, then 
opening the needle valve to allow it to pass to the plug interior. 
The gasoline will run down the walls and collect around the 
spark points, where it will be readily ignited by the spark. 



It is sometimes desirable to hftve <iwo sparks occur in the cyl- 
inder at the same time, especially: on engines of the T-head form 
used for racing. One spark plug of the special form slfown at C 
is used in connection with a regular spark plug of the form shown 
at A, the special plug being placed first in the circuit and joined 
to the regular plug by a length of wire bridging the free terminal 
of the plug at C with that on top of the insulator of the regular 
pattern. As the plugs are in series, the current must jump the 
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gap of both plugs and thus two sparks occur, whieh is said tif 
increase power by accelerating the rate of flame propagation, which 
of course results in more energetic ignition. The insulator is 
shaped to form a double V, the sides being slightly concave and 
larger than the center V, which ends in a sharp point. This con- 
struction is said to cause the point to be self-Ci caning by the ex- 
plosion. Two electrodes pass through the insulating member in- 
stead of one, these being insulated from each other and the plug 
body as well. The high tension current enters one terminal and 
passes down one of the electrodes, jumps the air gap, and can 
only reach the ground if the terminal connected to the second 
electrode is in electrical connection with the terminal of an ordi- 
nary form of spark plug or if it is bridged down to the plug body 
by the keeper B. When this keeper is in place, as indicated, the 
plug will act the same as a single electrode sparker. When the 
plug is to be used for double ignition in connection with one of 
the regular forms, the keeper B should be removed and a short 
wire used to join the terminal to which the keeper was attached 
to the terminal of the regular pattern spark plug. 

Spark plug troubles are not hard to locate, as they may be 
readily determined on inspection. If an engine misses fire, i,e.j^ 
runs irregularly, it is necessary to locate the spark plug at fault 
in order to remove it for inspection or cleaning. The common 
method of doing this is to short circuit the spark plug terminal 
with some metallic portion of the engine by using a wood handle 
screw driver, as shown at Fig. 242, A. Each plug is tried in turn, 
and when a good one is short circuited the engine will run even 
slowenthan before. If a plug is short circuited and the engine 
does not run any slower or work differently, one may assume that 
the plug is defective or that the cylinder is not firing for some 
other reason. A very pimple spark plug tester which can be made 
by any repairman for use on cars employing magneto ignition or 
high tension battery-distributor ignition, is shown at Pig. 242, B* 
This consists of two strips of brass riveted together at one end and 
fitted into a fiber or hard rubber handle. The brass strips are 
spread apart so that contact may be made between the plug body 
and insulated central terminal of practically any size plug. When 




a four-cylinder or six-cylinder engine uses individual spark coils 
for ignition, it is possible to detect the missing cylinder by holding 
down the coil vibrators with the fingers, leaving the engine to run 
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on one of the coil units or one cylinder as the others are cut out* 
Each coil unit is tried in turn, and when all others are rendered^ 
inoperative except the defective one or the coil leading to the 
defective spark plug, the engine will stop. The wire leading from 
the spark coil is traced to the spark plug, and that member re- 
moved for examination. The common trouble is r deposit of burnt 
oil or carbon around the insulator and between the plug points. 
This short circuits the current as it provides an easier path for 
the passage of electricity than the air gap does If the points 
are too close together the plug will become short circuited very 
quickly and ignition is apt to be erratic becaase the spark does 
not have sufficient heat to ignite the mixture. If the spark points 
are too far apart the resistance is apt to be too great for the 
current to jump the air gap. The porcelain may crack or be- 
come broken, in which case the current is apt to short circuit if 
the break is down in the plug body. If a mica or lava insulator 
becomes oil soaked, this also will produce short circuit. 

Most plugs are of the easily separable form, as shown at Fig. 
240, A, in which case the insulator may be easily removed by 
unscrewing the packing nuts that keep it seated against the plug 
body. If the plug is clean ^\hen examined the thing to do is to 
see that the spark gap is correct. This should be about one- 
thirty-second inch. Whenever a spark plug is to be put into use, 
whether it is a new one or old one winch has been cleaned, the 
spark points should always be set so there is a gap of about the 
tliickness of a smooth ten-eent piece between them. The method 
of obtaining a correct spark gap depends entirely upon the type 
of the plug. In the plug shown at Fig. 242, C, which has a plate 
at the end, it is necessary to bend over the center stem by using 
a small screw driver or vsimilar tool as indicated. With a plug 
of the form shown at D the center stem is bent the proper dis- 
tance away from the small hook-shaped wire or electrode which 
l^rojects from the bottom of the spark plug body. In some plugs 
it is easier to bend the central stem than the side electrode, as the 
latter is of hard material, wdiereas in others it is not possible to 
bend the central electrode and the point attached to the plug body 
must be bent instead. It is important when replacing the por- 
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celain insulator after cleaning to make sure that the packing nut 
is drawn down quite tight in order that the joint will be tight 
enough to hold the explosion pressure. It is also necessary to 
screw down the small hexagon lock nut on top of the spark plug 
porcelain, as if this is left loose the center stem of the plug will 
be free to turn in the porcelain, especially if the thumb nut or 
terminal is being tightened. It will be apparent that if the center 
stem is bent over toward the side electrode in the manner shown 
at D, that if it is turned a very small part of a circle the size of 
the gap between the center stem and side electrode will be altered 
appreciably. If the porcelain is found covered witli oil and car- 
bon when removed, it should be thoroughly cleaned, care being 
taken not to scratch the glazing on the porcelain surface, as if 
this glaze is destroyed it will be possible for the porcelain to ab- 
sorb oil. The interior of the plug body and the electrodes should 
also be scraped clean of all carbonaceous matter. If the porcelain 
is scratched or defaced in any manner it should be replaced with 
a new one. If the plug is apparently in good condition and yet 
the cylinder refuses to fire, it may be well to substitute the plug 
with one known to be in good condition, as there may be some 
minute short circuit in the porcelain that is not apparent upon 
inspection. 

Plugs using mica insulation are very deceptive, as in many t^SCs 
short circuits exist that cannot be detected by th(^ eye in )i|s^ight. 
A good way to test a suspected mica plug is to lay i1 on the 

cylinder after dark, taking care not to have the insulate^ terminal 
in contact with any metal parts except the high tension current 
lead. The engine is then run on the other rpylinders and the 
inside of the spark plug watched to see if sparks jump between 
the insulator and the plug body, instead of between the points. 
If a short circuit exists it will be easily detected by the minute 
sparks plainly evident in the darkness. It is sometimes possible 
to test a plug out in daytime by shading it from the light in some 
manner, as with a black felt hat. After the spark points have 
been set correctly, it is well to double up a piece of emery cloth 
with the abrasive surface on the outside, as shown at Fig. 242, E, 
and move it back and forth between the plug points a number of 



spark Plug Installation ^ ^ 405 

times to brighten them up and to insure that there will be 
foreign matter present between them that is apt to short circuit 
the current. An old tooth-brush and gasoline are the best tools 
for cleaning a spark plug without taking it entirely ^part as stiff 
brush bristles will remove any oil or material soluble in gasoline. 
Acetone is a solvent for carbon, and if tiiat material is not baked 
on too hard it is possible to remove the deposit witliout scraping 
it off. 

Many eases of ignition trouble have been traced to the use 
of improper spark plugs or to faulty location of these members. 
Manufacturers of spark plugs have given the matter of location 
considerable thought during recent years, and the endeavor is to 
produce a plug specially designed or adapted for the motor for 
which it is to be used. The spark plug shell or base is constructed 
so the spark points will project into the combustion chamber. 
It is also important to make provision for proper cooling of the 
spark plug. This last named factor is an important one that is 
seldom given consideration by owners or repairmen who change 
the spark plugs without making sure that they are adapted to the 
motor. To obtain the greatest efficiency from the explosion it is 
important that the spark points project into the combustion cham- 
ber in such a way that they be surrounded with cool fresh gas. If 
the gap of the plug is located in a recess or pocket, as indicated 
at Pig. 243, A, dead gas is apt to accumulate about the points, 
and combustion will be much slower than it would be with the 
spark plug located as at D. It will be evident that with this 
construction of the valve cap the spark points project into the 
induction chamber, permitting the spark to take place in fresh 
mixture and promote rapid spread of the ignition flame. Another 
faulty mounting when a plug is located directly in the combustion 
chamber is shown at C. It will be apparent that with a projection 
from the plug body having a space around it in which the hot 
gases may collect, the plug will heat up much quicker than the 
mounting shown at D in which the heat will be conducted away 
by the cooling water. A plug that becomes heated will tend to 
soot up and carbonize much quicker than one in which provisions 
have been made for proper cooling. 
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Fig. 243. — ^Illustrating Proper and Improper Methods of Spark Plug 

Installation. 


Induction Coil Faults. — The high tension induction coil is one 
part of the ignition system that can seldom be repaired outside 
of the factory. In the first place it is not possible to reach the 
interior parts of an induction coil because the windings and con- 
denser are usually imbedded in a hard insulating compound that 
has been poured into the coil box in a molten condition, and 
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which becomes as hard as stone when it sets. The only part of 
an induction coil that is possible to correct is faulty vibralor’ 
action, and fortunately the vibrator is about the only part of $k 
well-made coil that demands attention. If the vibrator does not 
buzz when the circuit is closed at the timer and the wire leading 
from the timer to the coil unit is found in good condition, the 
trouble is due to a broken connection inside of the coil box or the 
contact points do not touch. If the vibrator operates as it should 
and there is an extremely bright spark between the points and 
a weakened secondary spark, it is reasonable to assume that the 
condenser inside of the coil box is ruptured. 

If there is a proper vibration or buzz at the vibrator and no 
secondary spark from the high tension terniiiuil, the trouble is either 
a broken high tension connection or a short circuited secondary 
winding. Sometimes a wire inside of a coil is twisted off where' 
it fastens to the terminal screw, due to that member being turned 
around several revolutions witli a jiair of pliers. A case of this 
kind may be fixed by removing the Ixittom or top of the coil box, 
as the case may be, and making sure that the connection is re- 
soldered to the terminal post. A punctured winding or short cir- 
cuited condenser can only be repaired by the coil manufacturer, 
and in most cases it is cheaper to procure a new coil unit, which 
is easily removed in modern coils, than to attempt to have the old 
one repaired. 

When a coil unit is suspected of being defective it is easy to 
ascertain if this is the case by changing it for one of the coil 
units whicli is known to be in good condition. If tlie cylinder 
which was formerly served by the good coil unit now begins to 
skip, one may assume that the coil unit is at fault. If the trouble 
has not been due to other causes, the cylinder that was foriperly 
at fault will begin to operate as it should as soon as the spark 
plug is connected to the good coil unit which has been substituted 
for the one thought to be defective. 

Adjusting Coil Vibrators. — The repairman who understands 
the vibrating spark coil is the exception rather than the rule. 
Many are able to ad,]ust a vibrator, but do not know ho\v to locate 
troubles, or to remove the exposed component such as the bridge, 
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vibrating spring, etc., and reassemble the parts correctly. If the 
vibrator buzzes weakly w’hen contact is made at the timer, the first 
thing to do is to test the battery to make sure that there is suffi- 
cient current available to operate the vibrator, then the contact 
points should be examined to see that they are clean and smooth* 
Marions defective conditions are shown at Fig. 244, A; any one 
of these will interfere wdth correct contact and with proper vi- 



Fig. 244. — Care and Adjustment of Vibrator Contact Points Outlined. 


brator action. At A-1 a pit has been burnt in the lower point 
and a projection has been built up on the upper one. At A-2 
the points have been cleaned with a file which has been iiiserted 
at an angle so the contact members do not have a true flat surface. 
At A-8 a point has been built up on one side of the contact of both 
vibrator springs and contact screw points. As these contact points 
are of platinum it is important to remove as little of that valuable 
material (which is now worth more than gold) as possible. 
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For this reason it will be desirable for a repairman workit% 
on ears using vibrator coils to provide himself with the simple 
fixture shown at Pig. 244, B, which insures that the points will 
be dressed true without removing much material. The fixture is^ 
a simple U-shaped piece of hardened steel having a series of holes, 
A, B, C, drilled into it of such size as will permit the insertioit 
of the most commonly used sizes of vibrator adjusting screws. 
These are not threaded, the screw F being a free fit in the hole 
corresponding to the outside diameter of the thread. A feed screw 
E may be interposed under the adjusting screws in order to feed it 
up against the smooth file used to clean off the roughness. This 
screw may be shifted into any one of the tapped poles under the 
holes A, B and C for feeding different sized contact screws. 

The conventional vibrator is showm at Pig. 244, C, and another 
form at Fig. 245. It will be noticed that this consists of a vibrator * 
spring or armature carrying one contact point and a bridge mem- 
ber over it carrying another contact which is set into a knurled 
head adjusting screw^ in that at Fig, 244, C. The smaller bridge 
holds the vibrator spring and is also provided with a knurled 
screw so the vibrator spring tension may be adjusted. Directly 
under the vibrator is the iron core wdiich attracts it to break the 
contact between the points. The farther away the vibrator is from 
the core the more current will be needed to actuate the vibrator. 
The spring tension should be sufficient, so that the trembler will 
vibrate fast enough to produce a pronounced buzzing sound. If 
the vibrator spring lacks elasticity, too much current will be con- 
sumed which is an important item if the current for ignition is 
derived from a dry cell battery. In adjusting the coil vibrator it 
is not necessary to turn the motor over to establish contact as the 
tuning up may be readily performed on most coils by connecting 
a wire to tlie steering post as shown at C, and touching the knurled 
head of the adjusting screw or the bridge carrying it with the 
other end of the wire. It is necessary, of course, to ha\e the switch 
on the coil in the ‘^on^’ position. Another method of accomplish- 
ing this is to short circuit the timer with a screw driver as shown 
at B, which is used to bridge the wire terminal and the aluminum 
timer case. In this way each of the vibrators may be made to, buzz 
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in turn. If the points are not too badly burnt it is possible to 
clean them with a piece of very fine emery cloth as shomi at Fig. 
244, B, without removing either vibrator or contact screw from the 
top of the coil. Where battery current is used it is w^ell to test 
the current consumption of the coil from time to time as the vi- 
brators are adjusted. It is possible to have a coil draw twice as 
much as needed if the vibrator spring tension is loo great. The 



Fig. 245. — Construction of Typical Coil Vibrator. 


current consumption will vary from .5 to 2.2 amperes, a fair aver- 
age being about 1 ampere. Tlp^ usual primary voltage needed is 
5 or 6, and the trembler vibratic^s wall vary from 100 to 400 per 
second. If the vibrator tends to stick, the core should be filed 
oflp as well as the undersurface of the vibrator to remove any rust 
that may be present between the surfaces. A projecting core wire 
sometimes interferes with proper vibrator action. I\Iake sure the 
top of the core is smooth and bright. 
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Low Tension Ignition Systems. — The low tension ignition sys^ 
tern in which a spark m produced in the cylinder between moving 
electrodes is seldom used at the present tim^ in automobile en- 
gines except those of old models. The complete wiring diagram 
of the low tension system used on the Locomobile ears for a time 
is shown at Pig. 246, A, while the actuating mechanism and the 



Fig. 246. — The Locomobile Low Tension Ignition System and Igniter 
Used for Producing Spark in the Cylinder. 


igniter plate construction is shown at 246, B. It will be observed 
that the low tension is a very simple one electrically, but that con- 
siderable mechanism is necessary to operate the make and break 
devices in the cylinders. In tlie wiring diagram it will be ap- 
parent that two sources of ignition current are available, one a low 
tension magneto for regulating ignition, the other a storage bat- 
tery in event of the low tension magneto failing to deliver currents 
One wire runs from the magneto to one side of the switch on the 
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dastt-board. Another wire runs from the spark coil, which is 
^placed in series with a storage battery, to the other side of the 
switch. From the top of the switch a wire runs to the igniter 
switch rod or busbar which delivers the current to the four igniter 
plates, one in each combustion chamber. The igniter plate is an 
approximately triangular member I attached to the combustion 
chamber wall by three bolts. It carries an insulated contact mem- 
ber A which is fixed, and an oscillating contact member H which 
is worked by a lever outside of the cylinder which is actuated by 
a tappet rod T, lifted by the cam C. A spark takes place between 
the contact points when the hammer member II breaks contact with 
the anvil member A. The break takes place when the roller R 
drops off of the cam profile. This can be timed to occur when 
desired by suitable regulation means on the tappet rod T. The 
switch handle K w^hich joins the busbar B to the switch member 
projecting from A, is necessary to interrupt the igniters in order 
to locate a cylinder that is misfiring. 

About the only thing that can occur is fouling of the contact 
points by carbon deposits and excessive mechanical depreciation 
of the actuating mechanism. Either of these troubles is easily 
determined on inspection and the remedy is obvious. 

Trouble is sometimes experienced with the low tension magneto, 
which is shown in section at Pig. 247. The form shown uses plkin 
bearings and as these require considerable lubricant it is p^c^ble 
for the . collecting brushes or armature winding to become oil 
soaked which interferes with proper delivery of current. It is 
also important to time the low tension magneto so that the contact 
points of the igniter jjlate I will separate when the armature of 
the magneto has attained its position of maximum current genera- 
tion. This will be considered in detail in. connection with the high 
tension magneto as will other magneto troubles, so it is not neces- 
sary to consider them at this time. It is important that the con- 
tact brush shown bearing against the side of the armature and the 
contact member A, be making a positive connection with the parts 
they are intended to bear against. Failure of the low tension 
magneto to deliver current is usually due to poor contact at these 
points which may be produced by particles of foreign matter or 
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% ' ' 

which may result if the springs maintaining the parts in cmita# 
have lost their elasticity. Generally the trQuhle is gummed oil 
which is easily removed with gasoline. Sometimes the current de- 
livered by the armature short circuits because of a cracked or oil 
soaked insulator which carries the contact rod C. 

Magnetic Spark Plug Systems. — Other low tenkon ignition 
systems have been devised though they have ue/er received wide 



Pig. 247. — ^Magneto Used with Locomobile Low Tension Ignition System. 


application in which the moving mechanism needed to operate the 
igniter plates from the camshaft have been replaced with magneti- 
cally .operated spark plugs, the leading example of which is the 
Bosch shown at Fig. 248, A. This consists of three main parts, a 
supporting member which screws into the spark plug hole in the 
combustion chamber, an electro-magnet and oscillating mechanism. 
The electro-magnet contains a coil of wire D, and is protected by 
a cover B, and iron outer shell A. A cylinder H which is threaded 
at its lower end projects into the coil. A collar R forms the 
base of the magnet. The oscillating mechanism consists of a pole 
piece E, a horse-shoe shaped spring G, and an armature F. The 
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lower part of the pole piece is provided with threads to fit the 
hollow cylinder H, and *is formed externally to be retained in the 
support K by a retaining nut or collar L. The supporting mem- 
ber has the upper half of hexagonal form the same as any spark 
plug body and is threaded to fit the spark plug aperture. A 
steatite insulating member J in connection with the packing gas- 
ket insures against loss of compression or explosive pressure. 



Fig. 248. — The Construction and Application of the Bosch Magnetic 

Plug. 


The operation of the plug is very simple, as when tlie terminal 
P is connected to the source of ctnrretit when the electricity passes 
through the coil it magnetizes the core E, which attracts the arma- 
ture F, pivoted on a knife edge extending from E to the right, 
this separating the contact poi^|its M and N and producing a 
spark. A brass plug O is inserted in the core E so the armature 
wdll not stick to the pole piece due to magnetism. A spring G 
tends to keep the points M and N in contact. The point N is 
attached to the spark plug body and is V shaped, the other point 
on the armature being formed to fit into the V portion of M. 
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The complete ignition system is shown in diagram form at Fig*^ 
248, B, and is very much the same as the wiring for a high tension 
magneto using jump spark plugs. In addition to the timer or 
contact breaker which is of the usual form, the magneto must in- 
clude a distributing device wdiich will allow the circuit to flow 
to the plug in the cylinder about to fire a charge The distributor 
consists of four contact points carried by a bodv member of in- 
sulating material and a rotary distributor arm that makes contact 
with the different contact points in turn according to the firing 
order of the engine. The princijial trouble apt to occur with the 
magnetic plug is short circuiting due to caibon deposits or ac- 
cumulations of oil which will interfere with prompt action of the 
oscillating armature F. If the spring 6 breaks, the operation of 
the plug will be erratic and the engine will misfire. Tins system 
has received but limited application on automobile engines, but 
has been used to some extent in marine engine w^ork so the repair- 
man should, at least, be familiar with its principle of operation 
in order to have a reasonably complete knowledge of electrical 
ignition methods 

Wiring Troubles and Electrostatic Effects. — The principal 
troubles that are apt to occur in the wiring systems are evident 
on inspection, these consisting usually of a break in the conductor, 
which may sometimes be concealed by perfect insulation covering; 
w^earing aw^ay of the insulation due to abrasion between the wire 
and some metal portion of the car wdiich eventually results in a 
short circuit and the wdring becoming oil soaked and failing to 
properly carry the charge of current which leaks through the de- 
fective insulation. The wdring of a complete dual ignition sys- 
tem in which tw’o radically different methods of ignition are used 
is shown at Pig. 249. One system consists of a set of low tension 
igniter plates mechanically operated from a suitable camshaft, the 
other method, which is independent, has high tension ignition plugs 
operated through a timer of the usual form. At the present time 
where dual ignition systems are provided the usual practice is 
to use two high tension systems, one of which will derive its cur- 
rent from a battery and coil, the other which will receive the 
energy of a high tension magneto. A typical double system 
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adapted for six cylinder engine ignition is shown at Fig. 250. In 
this Wo spark plugs are carried in each cylinder, one over the 
intake, the other over the exhaust valve. A battery timer is 
mounted close to the dash from which six primary wires go to the 
individual coil units of the coil box. High tension wires come 



Pig. 249. — Side View of Engine Us^ on IBntty XMnmbia Automobile 
Having Both High and Low ifensioa Ignltton System. 


from the bottom of the coil to one set of sphrk plugs. Another 
set of high tension wares extends fyom the magneto iJ&tributor to 
the remaining set of spark plu^ 

It will be apparent tlt^t in both of the systems shown that con- 
siderable care is taken to have the wiring carried in an orderly 
manner and kept out of contact with the metal portions of the 
cylinder by suitable insulating blocks, usually made of fibre, as at 
Fig. 250, or in a fiber-lined metallic conduit, as shown at Fig. 249. 
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Fig. 200* — ITop View of Stevens Duryea Power Plant, Showing Wiring and Other Oi 

of Double Ignitiou System. 
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rig. 251. — ^Wiring Diagram of Locomobile High Tension Ignition. 

A typical double ignition system which has been use4"pn some 
models of the Locomobile is clearly shown at Pig. 251. The method 
of running the wires for the primary circuit is very clearly out- 
lined at A. The complete wiring diagram showing the high ten- 
sion leads going from the mi^neto distributor to the spark plugs is 
shown at B. With a system of this kind the current may be de- 
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rived from a battery which is timed by a primary circuit breaker 
attached to the magneto contact breaker box and sent through a 
single unit coil secured to the dash. The seconaary current from 
the coil is led to the center of the magneto distributor, which serves 
the dual purpose of directing the high tension current frum either 
the magneto armature or the induction coil to the spark plugs in 
the proper firing order. The usual method of hoilsing the sec- 
ondary cables in a conduit of insulating material so that there will 
be no liability of short circuiting due to oil accumulations or to 
contact with metal parts is so clearly shown at Pig. 251 that further 
description is unnecessary. 

The repairman does not generally recognize the fact that the 
manner in which the high tension cables are led from a magneto 
or spark coil to the spark plugs is sometimes the cause of misfiring 
and ignition irregularities which are hard to locate. A spark may 
sometimes occur in a cylinder in which the piston is going down 
on its suction stroke which is not due to defective insulation of the 
wires or to short circuiting, but to an electrostatic action between 
one wire and a neighboring one through which no current is flow- 
ing. Endeavor should always be made to keep the secondary cables 
as short as jiossible, as in some cases if a conductor is too long the 
tendency is toward an unreliable spark. Some ignition experts 
condemn the practice of running the secondary wires close together 
in a fiber-lined conduit and recommend the use of fiber cleats se- 
cured to supports extending from the engine and provided with 
grooves that will liold the cables some distance apart. 

When individual unit coils are used a condition that often puz- 
zles those wdio have had no previous experience with it is what is 
known among old-time repairmen as ‘‘bucking,^’ this usually being 
evidenced on engines of the four or six cylinder forms. The symp- 
tom is the same as a premature explosion in some one of the cyl- 
inders, this having a tendency to cause the engine to come to an 
abrupt stop. One is often led to believe that a short circuit ex- 
ists at one of the timer wires which allows a contact being made at 
the wrong time, producing a spark in the cylinder about to fire 
before the gas is fully compressed or the piston has reached top 
center. This is due to an inductive interference between one indue- 
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%)ij coil and a neighboring one. It is known that when the pri- 
mary coil becomes energized in any unit the core becomes a magnet, 
and as is common with all bar magnets, lines of force are given out 
which run from the norih to the south poles and which induce a 
current in the secondary winding of the transformer coil. If this 
magnetic influence does not stray from its proper confines no trou- 
ble will be experienced. If a portion of this magnetic field strays 



over into a neighboring coil unit enough voltage may be induced 
in the secondary winding of the latter to produce a weak spark at 
a spark plug connected with coil wh|ch rightly should remain 
inactible. This condition is old-style induction 

coils than with modern ones, and usu^y results when the motor 
is running slowly. The ^i^uble has eliminated in many of 
the later forms of multi^ unit coilipby providing anti-induction 
shields between the unl^; These ^re merely metallic strips in 
which the energies from the stray magnetic force is dissipated in 
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the form of eddy currents instead of cutting wire lasers of adji^- 
cent units. If this trouble is experienced and none of the com- 
mon faults are found to exist, such as carbon deposits and rough 
edges in the interior of the combustion chamber or long, thin spark 
plug points which remain incandescent and retain heat from a 
previous explosion, one may suspect trouble in the multiple unit 



Fig, 263. — External Views of Typical Magneto Ignition Devices. A. — ^The 
Bemy Magneto. B. — The Bosch Du 4, a True High Tension Type. 


coil. It has been cured at times by inserting thin strips of sheet 
iroj^ between the coil units. The most frequent cause of buck- 
ing’^ is defective insulation of the secondary wires, which allows 
the current to jump from one cable to another. This is sometimes 
found to be the case when all cables are passed closely together 
through a common tubular conduit, and is not apt to result when 
wires are carried apart in cleats. 

Troubles with High Tension Magneto. — ^Before describing thq 
various high tension magneto troubles it may be well to review 
briefly the construction of typical magneto forms in order that the 
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repairman may become familiar with the principal types. High 
tension magnetos may be either one of two general forms, as shown 
at Fig. 253, it being practically impossible to distinguish between 
them from external appearances unless carefully examined. The 
magneto shown at A is a transformer coil type, i.e., it generates a 
current of low voltage, which must be intensified by a separate coil 
of the non-vibrator form, the high tension coil current being brought 
to a central terminal on the distributor and from that point led 
to the various spark plugs by the rotary distributing brush. The 
true high tension magneto, which is shown at B, is a complete igni- 
tion system in itself, and does not depend on any appliances other 
than the spark plugs in the cylinders and a small grounding switch. 
A high tension current is delivered from the armature directly to 
the distributing member and no separate transformer coil is needed 
unless the magneto is used with a dual system. The parts that 
demand the most frequent inspection in a magneto are the more ac- 
cessible ones, these being the breaker box, which houses the con- 
tact points, and the distributor, which is utilized to commutate 
the secondary current. 

The construction of a Splitdorf magneto is clearly shown at 
Fig. 254. The longitudinal sectional view shows clearly the com- 
ponent parts of the device. The armature is wound to produce 
only low tension current, so the magneto must be used in con- 
nection with a separate transformer coil. A sectional vij&W of a 
true high tension magneto, the Eisemann, is shown at '^g. 25#. 
This differs from that at Fig. 254 in that it employs ^double- 
wound armature, which delivers a current of high potenfM/to the 
distributor. The spark time is advanced and retarcled^.^n most 
magnetos by rocking the contact breaker back and forth ^ a suit- 
able mechanical connection with th^: spark lever on the steering 
wheel. In the Eisemann magnetQ%utlined an automatic spark 
control or advancing mechanism, the lead of the 
spark as the engine speed increa&^ is f^ilded. The operation of 
this automatic timer is very ni^^^tlie same as that of the Delco 
automatic spark advance, ^Jjw^uously described. The governor 
weights are carried by quill mounted on an extension 

of the armature shaft Wicn has a rectangular block sliding within 
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Pig. 264. — View Showing Construction of Splitdorf Magneto. 
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it. This block is threaded for receiving a spirally cut shaft, which 
is driven by direct connection with the engine through some form 
of gearing. The governor weights are attached to the sliding block 
by means of links, and as the shaft is revolved the weights tend to 
spread apart, and as they do the block is made to slide in the 
quill. In so moving it travels along the threaded shaft, which re- 
sults in slightly rocking the block. As the block oscillates it car- 
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Tig, 255. — The Bisemann High Tension Magneto with Automatic Biniuhk: 

Advance. : * V- 


ries the quill, in which it works, forward slightly and also {lie 
armature shaft to which the quill is fixed. The armature is thus 
advanced and also the commutator, which is attached to the front 
end of the armature shaft. As the speed increases the governor 
weights fly farther out and advance the time of ignition. When 
the speed diminishes the weights tend to close up, this being assisted ’ 
by the action of a coil spring, against which the governor weights 
work at all times. An automatic spark advance may be obtained 
from 18-57 degrees with this construction. 

One of the most popular of high tension magnetos is shown in 
section at Pig. 256. This is of Bosch manufacture, and is known 
as the D 4. The magnetic field is produced by the horseshoe msg- 
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nets A, of compotind form, which are attached to the pole pieces/; 
the space between forming the armature tunnel, in which the 
double- wound armature B revolves. This cahnes a condenser, which 
turns with it, and also the rotating portions of the contact breaker. 
The armature is supported on ball bearings in ordet that it rotate 
freely. A small spur pinion, Q, is attached to the armature and 



Fig, 256. — Sectional View of Bosch High Tension Magneto. 


®rves to revolve a larger spur gear, R, which drives the distribu- 
current generated in the armature winding is collected 
By '^IPbrush K, which bears against the insulator collector ring J, 
which is mounted on an ebonite spool to prevent current leakage. 
From the brush K the current is conveyed, by the connector L to 
another brush, which is in contact with the current conveying pen- 
cil N, which delivers the electrical energy to the rotating distribu- 
tor brush N. The rotating parts of the distributor are mounted on 
ball bearings in order to eliminate troubles due to bearing depre- 
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ciation. A safety spark gap M is attached to the dust cover Z, the 
function of this device being to act as a safety valve for the ground- 
ing of any excess current, such as might be produced if the magneto 
was run without having the distributor connected with the spark 
plug. 

The arrangement of the distributor and the contact breaker 
mechanism is very clearly outlined at Fig. 257. The distributor, 
which is the upper portion, is employed in commutating the sec- 
ondary or high tension current only. The contact breaker or lower 
assembly breaks the primary circuit. One end of the coarse wind- 
ing of the magneto armature is led to the fixed contact member E 
by means of the screw plug D, which serves to retain the contact 
breaker assembly to the armature shaft. The contact breaker cas- 
ing, which is capable of oscillation but not of rotating, carries the 
fiber cam rollers W. As the portion P of the contact breaker re- 
volves the toe portion of the bell crank lever G is pushed up and 
in by the cam roller, this separating the contact point II from the 
fixed contact point carried by member E. Every time that the con- 
tact points separate a current of high potential is sent through the 
^connector member L and the conducting pencil N to the distribut- 
ing brush N. When the contact points separate this distributing 
brush should be bearing against one of the segments carried by the 
distributor block 0, this being in turn connected to sockets at the 
top of the block in which the plug terminals P fit. The bell crank 
lever G is kept pressed out by the flat spring I, which keeps the eoii^ 
tact points together except at such times as they are separated 
the cam rollers Y. It will be seen by reference to Pig. 256 that M 
the distributor brush N is driven by positive spur gearing that® 
must turn in an opposite direction to the armature and at just hS 
the armature speed on account of the distributor gear beij^g 
twice the size of the pinion Q. The brush N is therefore resolved 
in definite timed relation with a contact breaker assembly P and 
the armature B. It will take two revolutions of the armature to 
produce one revolution of the brush N. This means that the con- 
tact points separate each revolution of the armature and that the 
brush N makes contact with two of the distributor segments for 
each turn of the armature. 
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^ Arwjther forih oJT Boscli 'magneto ■which is pfacjtieally ■the same 
^in^ifeiieral principles as that just described, except for slight dif- 
ferences in the contact breaker and distributor, is shown at Fig. 

is is a smaller device, using two single horseshoe magnets, 
anoSi^ntended for small engines up to 30 H.P. The bigger mag- 
neto, with its three compound magnets, is more powerful and will 



Fig. 258. — Sectional View of Boscli H tT-i Magnofto. 


produce a hotter spark, such as is necessary to, ignite the volunge of 
^gas in large cylinders- The Bosch magneto contact breaker 

ind distributor are clearly illustrated at A, Fig. 261. 

< All magnetos do not have ro^^g windings, three makes, the 
Splitdorf Dixie and the Remy utilize a fixed winding and ro- 
tary inductor, substantially as shown at top of Pig. 259. The 
inductor pieces are used to conduct the lines of magnetic energy 
'trough the winding and produce the current by cutting the turi;|S 
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of wire. In the armature shown in ‘fbe lower poii;ion of Fig., 
the windings revolve in the magnetic field and generate the 
rent. Another form of magneto which is used on but one 
car, the Ford, but which enjoys a wide distribution, is shc^K'af 
Fig. 260 in connection with the complete ignition system ^IIFthe 
car. Sixteen coils of coarse conductor are carried by a fixed plate, 



i*ig. 269.^Eemy Rotar^NHlnductor Using FixedP^Windings at Top, 0<^* 
ventio^l Boutol© Wound Armature wit h^t atiag Windings at Botto^ ^ 
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fwhich is bolted to the engine crank case. A number of horseshoe 
•magnets, not shown in the illustration, are carried by the ends of 
flywheel and revolve in front of the fixed coils, the space be- 
twe^if the magnet poles and the cores of the windings being just 
.j^nough to provide clearance without danger of hitting the mag- 
nets. Owing to the large number of magnets and coils employed, 
a very strong current is obtained, which, while alternating in 
character, is used iii the same way as battery current would be 



Flywheel Magneto 


Fig. 260. — Diagram Showing Ford Magneto Ignitioiv 


through four individual vibrator coils, 'Jbl^ught in|p 

circuit progressively by the rotary 

The most popular form of ipag3Eh^l£^gfaTO can judge by the 
numbers of manufacturers iisin^ high tensiop type 

with the revolving winding, the low^ tension type using 

transformer coils have also been^Sd to a )^j»;€xtent. 

In case of trouble w'lth a i 3 (pagheto the to be determined, 

first of all, is whether the fault is with current generator, if 
it is a true high tension form or in the p 
transformer coil being^mployed, if that 



‘s, or in the event of a 
:iiib(*r is at &tdt. In 


cases where only one c^dinder is firing irregularly the faw.ls very 
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likely to be with the spark plug in that cylinder. The commoii 
troubles of spark plugs and the method of repairing them have 
been previously described. After the spark plugs have received 
attention the cables must be tested to make sure that the insulation 
is not injured in any way or that the metal terminals at the end* 
of the cable do not come in contact with any metal parts of the 
motor or magneto. If the ignition fails suddenly , one can suspect 
a short circuit in the grounding cable, winch is connected to the 
nut on the magneto contact breaker and which serves for switching 
the ignition off. This may be easily ascertained by removing the 
cable from the magneto and seeing if its removal enables the mag- 
neto to run correctly. A spark leaping the gap in the safety de- 
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vice indicates a broken wire or one that has become disconnected 
either from the plug terminal or from the distributor terminal. 

If the cables and plugs are in good condition and the engine 
works irregularly, it is apparent that the trouble is in the magnet 
if it is an ignition fault. In event of tliis, the most important thing 
to do is to make sure of the proper interruption of the primary cur- 
rent. The spring holding the cover of the contact breaker in place 
should be moved sideways and the brass cover taken off. It is then 
important to, see if the screw D, Pig. 257, is tight. If this is found 



Fig. 261. — Illustrating Methods of Adjusting ind Caring for||^gneto 

Contact Breakers. 
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to be set up properly the next thing is to make sure that the coi^- 
tact breaker points are in contact ■when the bell crank lever is out 
of contact with the cam in the sides of the breaker box in the type 
DU-4 or away from the fiber cam rollers m the type D-4. It is 
also important that the platinum points are separated by the proper 
distance, about *5 millimeter, when the lever C F at A, Fig. 261, is 
in contact with the cam. If the points are too far apait they should 
be brought nearer together by loosening the lock nut on the ad- 
justing screw shown at C, Fig. 261, and screwing it up to lessen 
the difference, or to screw it back and open the gap if it is not suffi- 
cient. The platinum contact points must also be cleaned, an^^ dirt or 
oil being easily removed, as shown at Fig. 261, B, by gasoline 
squirted on them from a small hand oil can. In case the contacts 
are uneven, jiitted or blackened, they must be smoothed with a jew- 
eler ^s fine cut file. After continued use, if the platinum points 
have worn down the platinum-pointed screw must be removed. It 
is also important to make sure that the high tension current col- 
lecting brush, K, Fig. 256, is in contact with the collector ring, and 
that the conducting pencil N makes proper contact with the brush, 
against which it bears. This high tension collecting brush is indi- 
cated as P, and the collector ring as 0, in Fig. 258. The interior 
of the distributor must be clean and free of metallic or carbonaceous 
matter. The distributing brush must bear positively against the 
distributor section and the interior of the distributor should be 
smooth 4 jtpd all contacts clean and bright. 

Mention has been previously made of making sure that the 
screw which keeps the contact breaker assembly in proper relation 
with the armature shaft is tight, which calls for careful examina- 
tion. If this screw is loose, the contact breaker assembly will not 
move in proper timed relation with the armature ; in fact, it may 
not move at all, which will prevent the contact point from separat- 
ing and which will also result in failure of the ignition. If every- 
thing appears to be all right about the magneto, the timing should 
be verified to make sure that the spark is occurring at the right 
time in the engine cylinders. It is easy to tell if the magneto is 
producing a spark of proper intensity by uncoupling a spark plug 
conductor and holding it a short distance away, not more than 
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rig. 262. — Outlining Use of Gauges in Cbtaining Correct Setting of 
Magneto Contact Breaker Points. 


from the terminal. If a magneto is functioning properly a 
spark will jump the air gap thus created. 

At Fig. 261, D, the contact breaker and distributor construction 
of the Remy magneto is shown. It will be observed, in this case, 
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that the contact breaker assembly does not rotate, as in the Boseh, 
bnt that a rotating two-point cam is attached to the armature shaft 
and interrupts tlie contact between the points P by bearing against 
the end of the bell crank CF, The instructions given for care of 
the Bosch magneto ax)ply just as well to this device. Realizing the 
importance of liaving the gap between the contact breaker points 
of the proper amount, the magneto manufacturers furnish gauges 
which are to be used for testing this gap. That shown at Fig. 
262, A, is for use with the Eisemann magneto. With the contact 
breaker removed, as indicated at B, the contact points C-4 should 
be together as indicated. When the gauge is inserted in the hole 
C-7 it will indicate the correct amount the point should be sepa- 
rated. The gauge at Fig. 262, C, is merely a piece of thin sheet 
steel of the proper thickness \\hich is used as indicated when the 
points are separated by the bell crank lever riding on the cam block. 

Recharging Weak Magnets. — After a high tension magneto 
has been in use for a time the magnets lose their strength and it 
is necessary to recharge them in order to restore the magneto to 
its full efficiency. When magnets are weak the resulting secondary 
spark will also be weak and the motor will not run regularly, no 
matter how carefully the device is adjusted. If the motor does run 
without misfiring it will not develop its full power if the magnets 
are w^eak. An eh^etro-magnet designed to operate on 110-volt cur- 
rent is shown at Fig. 263, A. The core is of soft iron, 1'' in di- 
ameter and 8^ P' long. They are drilled at the bottom for a retain- 
ing screw, which is intended to keep tliem in contact with a base 
plate of steel Two blocks of steel I)4"x2"x4" are 

drilled to receive the cores, and have set screws in the side so they 
can be clamiied tightly against the core to form polepieces. A 
brass tube about Vio'' thick at the side, having flanges at each end 
projecting over to hold fiber insulating plates as showm, may be 
turned to the dimensions indicated in a lathe or may be made up 
of sheet stock if desired. The hole through the center of the brass 
spool is of such size as to permit the core to fit freely in its interior. 
Besides this equipment, 22 lbs. of No. 20 B. & S. gauge insulated 
copper wdre w ill be needed. Eleven pounds is w^ound around each 
brass tube, winding one coil in one direction and the other the 
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Fig. 263. — Defining Construction of Magnets for Remagnetizing Magneto 

Field Members. 


opposite way. Leave about 6" of wire when starting to wind the 
coil in order to make a connection between them. After both coils 
have been wound shellac them thoroughly and wind insulating tape 
over the outside. The cores are then fastened to the iron base 
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plate, the coils are slil)ped over the cores and the pole pieces at- 
tached to keep the coils in place. The view of the completed mag- 
net is clearly shown in the assembly depicted at Pig, 263, A. This 
can only be used with 110 volts direct current. 

Before recharging the generator magnet it is important to test 
the polarity of the electro-magnet, as the north pole of the magnet 
to be charged must be brought in contact wijh the south pole of 
the electro-magnet and vice versa. It is not difficult to ascertain 
the polarity by using an ordinary compass or magnetic needle, the 
marked pole of which will point toward the north. Once the 
polarity has been determined the poles may be marked in any de- 
sired way, usually by stamping the north pole N and the south 
pole S. Another magnet-charging device, which was described in 
the Commercial Motor, utilizes storage batteries as a source of 
magnetizing current. The magnets are composed of soft iron core 
pieces about 6" long and 1" in diameter. The base is constructed 
of mild steel plate, the cores being fastened to the plates by screws 
or by turning down the end of the core and threading it to fit the 
hole in the base plate. Before screwing down the core pieces they 
are wound wuth No. 22 gauge insulated wire, the ends being left 
free. The wires are connected up to a pair of storage batteries, as 
shown, and the latter are so connected up that the polarity of the 
soft iron cores are nortli and south respectively. Enough of the 
wire is wound on to have coils of about 2" in diameter. If the 
core shows signs of overheating, low^-voltage lamps should be placed 
in the circuit to introduce some resistance. The voltage of the lamp 
to be used depends entirely upon the voltage of the battery used 
to energize the magnet. It is stated that the magnets will be 
charged if they are merely placed in contact with the energized 
cores until they have absorbed sufficient magnetism to enable them 
to sustain a weight of 10 lbs. after which they are ready to be 
replaced on the magneto. 

The illustration at C, Pig. 263, shows the Seanor garage mag- 
net charging outfit, which is claimed to charge the magnet in one 
minute. From the exterior view of the device it will be evident 
that it consists of a base upon which are mounted two solenoid 
coils carried in square boxes. The magnets to be charged are in- 



528 Automobile Repairing Made Easy 

sert^'d through the center of these coils during the energizing 
process. In order to accommodate a horseshoe magnet of any 
spread, one of the coil boxes is mounted so the distance between the 
two openings is altered if desired. As ordinarily constructed, the 
windings are wound for 6 volts and 20 amperes. In charging a 
magnet the ends of the horseshoe are brought up against an iron 
core of the coil in such position that the magnet is attracted and 
not repelled by the core. The magnet is then pushed through the 
apertures in the centers of the coil boxes, taking the place of the 
iron core, which is slowly pushed out. The current is then con- 
nected for merely the length of time required m touching one of 
the terminals of the wire to the binding post two or three times. A 
keeper is then laid across the part of the magnet arch which pro- 
jects beyond the coil boxes, and with the keeper still in place the 
magnet is replaced on the magneto. It is stated that a freshly 
charged Tungsten steel magnet of a large magneto will lift in the 
neighborhood of 20 lbs. as ordinarily energized by the magneto 
manufacturer. It is stated that with this device the magnet pull 
can be increased to 30 lbs., which, of course, means a stronger mag- 
netic field when reassembled on the magneto. 

Transformer Coil Magneto Systems. — ^lethods of wiring typi- 
cal transformer coil magneto systems are shown at Figs. 204 to 266, 
inclusive. At Fig. 264 all the parts of a system of tins nature are 
clearly shown, and the waring may be readily tr-uMnl from the mag- 
neto or battery to the coil. It will be appanmt that yt the bottom 
of the single unit coil there are four primary terminals and one 
secondary terminal. A high tension cable runs from the second- 
ary terminal, which is protected by an insulating member to the 
central distributing terminal on the face of the distributor. The 
terminal marked ‘‘Bat. is attached to the carbon of a 5 dry -cell 
battery, while the zinc terminal of the series is connected wuth a 
terminal marked “Int.’^ and “Bat.^^ Prom this same terminal a 
wire runs to the terminal on the side of the contact breaker. The 
terminal on the face of the contact breaker is coupled to the coil 
terminal marked “Mag.^^ A terminal on the coil marked “Grd.” 
is attached to the grounding terminal on the magneto contact 
breaker. With this system, w4ien the switch lever is pushed over 



Transformer Coil Magneto Systems 529 

Ik 

to the side marked '‘Bat./’ the current from the dry cell batt^y 
is conveyed to the magneto interrupter, from which it is led to the 
primary winding of the coil. The secondary current is distributed 
by means of the magneto distributor to the spark plugs in proper 
firing order. When the switch lever is shifted to the other side 



Fig. 264. — Typical Transformer Coil Magneto Ignition System for Four 

Cylinder Engines. 


of the switch, which is marked “Mag.,” the current for ignition is 
obtained from the magneto armature instead of the battery. 

Two of the Splitdorf ignition systems are shown at Pig. 265, 
that at A being used in connection with a round type dash coil, 
while that at B is employed with a square type dash coil. The 
coil at A has but six terminals, that at B has seven terminals. In 
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the coil at A the center terminal is used for the high tension cur- 
rent and is connected to the central terminal of the magneto dis- 
tril^utor. Terminal A of the coil runs to terminal A on the mag- 
neto bontact breaker face. The wire marked “2’’ runs to the 
terminal on the side of the contact breaker. A wiie joins terminal 
on the coil with the grounding terminal '‘3’^ on the magneto. 



Fig. 266. — ^Wiring DiagraniB, Showing Application of Splltdorf Trans- 
former Coil Magneto System, 
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The two remaining terminals of the eoil, which are Vlow the sec- 
ondary terminals, are joined to the battery, which is oonven^ion- 
alized for the sake of simplicity. In the system shown at Pig. 
265, B, the terminals on the magneto and those on the coil are like- 
wise numbered, and there should be no difficulty in tracing these 
and making the proper connections if this diagram is used as a 
guide. 

The Remy transformer coil system is shown at Pig. 266, the ap- 
pearance and dimensions of the dash coil and the method of install 
lation are clearly shown at A. It will be observed that at one end 
of the eoil there are two terminals, one marked ''Bat.,’’ the other 
"R.,” which are wired to the dry cell battery, as shown. On the 
back of the coil is the secondary terminal, clearly outlined at B, 
which runs to the center of the distributor. Tlie magneto shown 
is intended for six cylinder ignition and therefore has six distribut- 
ing terminals, to be connected with an equivalent number of spark 
plugs. In order to simplify the wnring when the Remy system is 
employed, the primary wire group, which consists of three wires, 
has the insulation of each conductor a different color. One is yel- 
low, one green, and the remaining one red. The red wire, which is 
attached to the grounding terminal on the magneto base, goes to 
the center terminal on the side of the coil that has the three pri- 
mary terminals and which is shown at B. This would be the right 
side if viewed from the front, while the battery terminals are on 
the left side, if the coil is looked at from the switch end. The yel- 
low wire IS connected to the contact screw on the breaker box and 
goes to the terminal on the side of the coil nearest the dash. The 
green wire runs from the screw on the magneto base to the remain- 
ing terminal on the coil. 

Dual Magneto Systems. — When the high tension magneto was 
first introduced it was looked upon in some quarters by conserva- 
tive manufacturers and motorists with some degree of suspicion, as 
its reliability had not been thoroughly established. Sometimes diffi- 
culty was experienced in starting a large engine directly from the 
magneto because it could not be turned over fast enough with the 
hand crank to turn the magneto armature at sufficient speed to 
produce a strong spark. In order to provide an emergency sys^ 
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Fig. 266. — The Eemy Ignition System. 
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tern of ignition and one that conld be used for startings like mat- 
ers of high tension magnetos evolved what are termed “dual sys- 
tems.’/ The magneto utilized is practically the same as that used 
m the simple high tension systems, except that the contact breaker 
Jiad a battery timer added which was used to mti riij t a battery 
(uirrent. The reason for adding the baU^^ry timer and not using the 
magneto contact breaker was that a short coiitact was necessary to 
olitain satisfactory operation from batteries, uhicli the regular 
magneto contact breaker did not furnish. As the writer has pre- 
viously explaiiKHl, the points of a magneto contact breaker are kept 
in contact until interrupted by the cam. If these were used on a 
battery tlie current would bt‘ flowing through them all the time 
they w^ere in contact, which would produce current waste. With 
Ihe battery tiiiuu' incorporated on the contact breaker the circuit is 
(\stablished only at the instant the &pai*k is needed in the cylinder. 
The systmiis shovn at Fig 267 are of Simms design, the only dif- 
ference ])(‘ing in tlie number of terminals provided on the coil. 
Tn the system at A four terminals are used. In that at B, but three 
are employed. The only diffeience in the viring is the connections 
of the battery tcTiiiinals. On the four terminal coils two of these 
are joirn^d to the battery. On the three-terminal coil the wire that 
runs to i)oint 1 of the magneto, as shown at B, also is joined to the 
positive terminal of tlie storage battery. 

The Bosch Dual system, which is shown at Fig. 268, has six 
terminals on the back end of the coil. The coil is attached to the 
dashboard, as indicated, in the upper right hand corner, and car- 
ries the sv^itch and the starting button on its face. The coil is of 
the vibrator type. The terminals are all numbered and the wiring 
may be readily traced, as the points to which they connect on the 
magneto are numbered to correspond. In this system, instead of 
using the usual high tension pencil connecting the collector brush 
to the center of the distributor, the high tension brush terminal 3 
IS joined to a terminal on the spark coil, while terminal 4 of the 
spark coil is joined to the central distributing brush 4 of the mag- 
neto. Terminal 6 of the coil is grounded, terminal 5 of the coil 
runs to one of the battery terminals, the other one being grounded. 
This leaves terminals 1 and 2 on the coil, No. 1 being connected to 



Automobile Repairing Made Easy 




Master Vibrator Ignition Systems $95 

a terminal at the side of the battery contact breaker, while termiiial 
No. 2 attaches to a terminal on the side of the magneto contact 
breaker. With a system of this kind or with either of those shown 
at Pig. 267, it IS possible to short circuit the coil by pressing in 
on a starting button, which makes the vibrator buzz even if the 
primary contact breaker on the magneto is not making contact. 
This permits of starting the engine directly on the spark when 



Fig 268 — The Bosch Dual System. 


they are of the four or six cylinder form, providing they have not 
been stopped long enough for the gas to leave the cylinders. 

Master Vibrator Ignition Systems. — Practically the only car 
at the present time using the individual unit system of ignition is 
the Ford, the complete wiring diagram of which is clearly shown 
at Fig. 270, in the relation the parts actually occupy in the car. 
It will be observed that the induction coil has ten terminals, six 
of these being for the primary circuit and four for the secondary 
wires. The upper terminals of the coil are primary and run to 
the timer segments. The four secondary terminals are connected 
to the spark plugs as indicated, while the remaining two termihals, 
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which* are at the bottom of the coil, are joined to the magneto 
terminal and to the battery respectively. In the system outlined 
each coil has a separate vibrator. 

Many Ford cars have been supplied with what is known as a 
master vibrator, which is a magnetic circuit breaker intended to 
perform that function for all of the coils. It is claimed that a de- 
vice of this character produces synchronism of the ignition spark, 
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Fig. 269. — Method of Using Master Vibrator in Connection with Four 

Unit Coil. 


which is not possible to obtain where four separate vibratprs are 
used on account of some of these being tuned up faster*' than the 
others. It is contended that this makes a smoother-running engine 
and one delivering more powder. A master vibrator unit that en- 
joys wide sale is of K-W manufacture and is designed especially for 
use wuth Ford ears. The method of wiring the vibrator is clearly 
outlined in the upper left hand corner at Fig. 269. As the vibra- 
tor unit carries a switch on its face, it has three terminals at the 
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bottom, the center one of which is connected to one of the regular 
terminals of the spark coil, leaving the other one blank. One of 
the outside terminals of the master vibrator is coupled to the mag- 
neto, the other to a battery. The switeh of tne main coil is used 
only on one contact button, and may be left on that buLton, as the 
battery or magneto may be thrown in circuit at will by the switch 



on the master vibrator coil It is necessary to short circuit the 
regular vibrators m order to put them out of commission. This 
IS done by running a wire ])etween the vibrator springs and the 
bridge carrying one of tlie contact points, as shown at the bottom of 
Fig. 269. Another method of short circuiting the vibrator is to 
keep the points in contact by wedging a piece of wood, rubber or 
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Fig. 271.— Wiring Diagram of Triple Ignition System Used on Six Cylinder Motor. 
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cardboard under the vibrator spring between the core of the cpil 
and the vibrator. Keeping the points in contact in this manner is 
equivalent to short circuiting them by the wire shunt. 

When but one vibrator is used the contact points must be made 
larger than those on the individual vibrators, because i^ does four 
times as much work. The construction of the K-W vibrator is 
clearly shown at Fig. 269, and m view of the instiuctions that have 
been previously given for the care and adjustment of these devices 
it is not necessary to describe its construction. The instructions 
given for adjusting the vibrator are very simple, it being merely 
necessary to observe if there is a space of %4 inch between the 
platinum contact points when the vibrator spring is held down 
firmly on the iron core. A gauge made cf inch thick steel may 
be placed between the contact points until the adjusting screw is 
screw’ed down to a point where the gauge can be pulled out with- 
out much trouble. This will give the proper distance for the arma- 
ture or bottom spring to travel. 

Double and Triple Ignition Methods. — There are many cars 
in operation to-da.y which utilize double and triple ignition sys- 
tems. On some of these it is possible to have three practically in- 
dependent means of supplying the ignition spark. As will be ap- 
parent, the wiring of a triple ignition system is apt to be much 
more complex than that of the simpler methods now in vogue. In 
the ignition system outlined at Fig. 271, which has been used on a 
six cylinder ear, it will be evident that in addition to the usual 
Bosch D-6 dual magneto an entirely independent individual spark 
coil and battery tinier system is included. Two sets of plugs are 
used, one serving both magneto distributor systems, while the other 
is connected to the individual coil units. The connections of the 
magneto system are no different than in the regular dual system 
previously described, while those of the battery and coil may be 
easily determined by a close study of the diagram. The primary 
timer has six contacts, one of which serves each ignition coil. As 
the firing order of this engine is 1-5-3-6-2-4, the wires from tho 
timer must run to the individual unit coils in the same order so 
as to have the cylinders fire in proper sequence. For example, 
the wire from the contact No, 1 of the timer runs to coil No, 1, 
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next in order is contact No. 5, which is wired to coil unit No. 5. 
Following this comes timer contact No. 3, whicli supplies current 
p coil No. 3. While the individual spark coils are connected in 
&der^ i.e., coil No. 1 is joined to spark plug and cylinder No. 1, coil 
No. 2 to spark plug and cylinder No. 2, and so on the timer con- 
tact must be numbered according to the firing order. It will be 
apparent that two sources of ignition current are provided for the 
battery and coil systems, one being a storage battery, the othei a 
set of dry cells. 



Fig, 272. — ^Wiring Diagram of Double Ignition System at A; of Triple 
Ignition System at B, both for Four Cylinder Engines. 
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A double ignition system in which a true high tension magneto 
is used and a four unit vibrator coil and four point timer is shown 
at A, Fig. 272. This ignition system is for a four-cylinder motor 
having a firing order of 1 — 3 — 4 — 2. At B, P'g. 272, a triple ignt- 
tion system for a four-cylinder engine is shown, this l>eing prac- 
tically the same as that outlined at Fig. 271, except that the 
wiring diagram is somewhat simpler owing to ^he lesser number 
of cylinders. The advantage of a double ignition system is that 
one can determine if irregular engine operation is due to the igni- 
tion system or not very easily by running the engine first on one 
system, then on the other. If the engine runs as it should on the 
battery system after it has been misfiring on the magneto it is 
reasonable to asvsume that some portion of the magneto system is 
not functioning properly. If the engine runs well on the magneto, 
but not on the battery, the trouble may be ascribed to failure in 
the chemical current producer or its auxiliary devices On the 
other hand, if the migiiie does not run well on either ignition 
systems, it is fair to assume that the trouble is not due to faulty 
Ignition. 

Two Spark Ignition. — IMost racing and a pleasure ears 
have been efiuipped with two spark magneto ignition systems, the 
idea being to secure great(‘r power and speed due to the use of 
two spark ]ilugs in the cylimhu*. While systems of this kind are 
rare, it may be w(‘l] for the repairman to liecome familiar with the 
principles iinohed in case he should ever be called upon to install 
a two S])ark magneto or to make repairs on some speedster model 
so (‘quiiiped. When a magneto is employed in connection with two 
sjiark ignition it is common practice to jirovide two separate dis- 
tributors and ill some cases a double wound armature having two 
sets of windings served by a common contact breaker. In the 
system shown at A, Fig. 273, a two sjiark magneto is employed 
in connection with the simple dash switch wired as indicated, by 
which one may obtain tlie use of but one spark wuth the switch 
lever in the position shown and the double spark if the swntch lever 
IS rocked to the other extreme, or on the line marked '' 2 ,'' If 
the lever is swung to the left or on a line witli that indicated 
‘'0,'’ no spark will pass through the engi|ie, as the magneto will 
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be grounded. The system outlined at B is that of a two spark 
m^neto that can be used in connection with a vibrator coil and 
bj^tiery, as in the dual system previously described. In addition 
to the^ switch on the coil, a two point switch is placed on the dash 
in order to obtain single or double spark ignition as desired. 



Fig. 273. — Outlining Use of Two Spark Higli Tension Magneto. 


Timing Battery Ignition Systems. — In timing a motor using a 
battery ignition system with individual vibrator coils to supply 
the current to respective cylinders, the first thing to ascertain is 
the firing order of the engine to be timed. The diagram, Pig. 274, 
shows all components of a battery ignition system, also a sectional 
view of one of the cylinders of the engine, showing the position 
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of the piston when the spark should occur in the cylinder with 
the primary timer fully advanced. When the primary timer is 
fully retarded the spark will take place after.the piston has reached 
the top of its stroke and has started to go down on the explosion 
stroke. The four unit spark coil has a two point switch on its 
face and has ten terminals. Pour of these which are protected 
by heavy insulators or bushings of hard rubber run to the spark 
plugs as indicated. These are the secondarj^ terminals. The 
two primary terminals under the switch are connected to the posi- 
tive poles of the dry cell and storage batteries respectively, the 
negative terminals of the two batteries being joined together by a 
common wure and grounded. This leaves four primary leads which 
go to insulated terminals connecting with the segments of the 
timer. 

The method of timing an engine is very simple. The spark 
advance lever on the steering wdieel is advanced fully. The inlet 
valve of cylinder No. 1 is w’atched as the engine is turned by the 
hand crank. Just after the inlet valve closes which indicates that 
the piston has started to go up on its compression stroke the piston 
travel may be gauged accurately as it moves up by the timing rod 
inserted through a petcoek in the top of the cylinder or through 
a valve cap oi>ening. If tlie engine is not provided with a relief 
cock or spark plug that wull permit the use of the gauge rod, the 
flywdieel markings may be utilized to determine the center corre- 
sponding to the end of the piston upward movement. The vibrator 
of coil connected to cylinder No. 1 should begin to buzz with the 
timer casing in full advanced position before the piston reaches 
the end of its upw^ard stroke. The amount of crankshaft travel 
is about 30 degrees from the point w^here the spark takes place to 
that where the piston reaches the top of its stroke. If the timer 
casing is set in full retard position the spark should take place 
30 degrees of the crankshaft travel after the piston has left the 
end of its compression stroke. Some engines have the spark set 
45 degrees advance. With the spark advance lever set about half 
way of its travel the spark may be made to occur just when the 
piston reaches the end of its compression stroke, or on top center. 
It is necessary to provide a wider range of spark advance on a 
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tettery and coil ignition system than when a magneto is used, as 
it is said that a range of advance of 60 degrees is sufficient for 
four-cylinder motors and 27 degrees for six-cylinder motors with 
magneto ignition. 

In timing a strange car it is easy to tell whether the movement 
of the spark lever advances or retards the timer case by noting 



Fig. 274. — ^Diagram Showing Method of Timing Four Cylinder Battery 

Ignition System'. 


the direction of movement of that member. If the spark advance 
lever is pushed in a certain direction, say from the point on the 
sector nearest the driver to the other extreme, and the segments 
on the timer move to meet the advancing contact roller, it is evi- 
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dent that a movement of the spark advance lever from front^to 
rear advances the ignition. If the timer case oscillates so the 
segment moves away from the advancing contact roller, that move- 
ment of the spark lever retards the ignition. In most timers the 
rotating contact member is fastened to tl^e shaft in such a way 
that it may be moved independent of engine rotation, if desired, 
by releasing the fastening. Sometimes it is Imld on a tapered 
shaft by a clamping nut, in other constructions it is dri\en by a 
hollow shaft which is set screwed to the timer driving shaft the 
position of wdiich can be changed as desired. In every case the 
roller should be set in contact wuth the segments joined to coil 
unit No. 1, the remaining terminals being wured according to the 
firing order and the direction of rotation of the timer brush. In 
the diagram now" under discussion after the roller leaves unit No. 1 
segment it wull go to that m connection wuth unit No. 2, then to 
the one joined to unit No. 4, and finally to the terminal conveying 
Ihe electrical current to unit No. 3 This means that the plug in 
cylinder No. 1 fires first, followed by those in cylinders 2, 4, 3, 
in the order named. With the swuteh lever in the position shown 
or between the tw^o contact buttons, the ignition is interrupted 
and battery current cannot flow" to the coil unit. If the switch 
lever is moved to the button on the right marked storage bat- 
tery,’^ the secondary current producer wull furnish ignition. If 
moved to the button on the left, the dry cells will be brought into 
action. The same method is employed in timing a twm, three or 
six-cylinder motor, the only precaution to be observed being to 
run the wures from the timer to the coils so the cylinders will fire 
in proper order. 

At one time secondary distributor systems using a single unit 
vibl^ator coil for firing a multiple cylinder engine were very popu- 
lar, but at the present time few cars use the long contact timer 
and distributor combination. The modern cars tliat employ battery 
ignition use a short contact timer and a non-vibrator coil unit. 
Popular systems of this nature are the Atwuiter-Kent and the 
Delco, both of which have been previously described. Practically 
the same metliod of timing is emifloyed with these systems except 
that there is but one primary terminal on the contact breaker por- 
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the distributol* which' is joined to the corresponding ter- 
^ Jnnal of the spark coil. A proper distribution of current to the 
^cylinders is made by connecting the distributing terminals to the 
plugs in proper firing order, same as advised with a magneto. 



Fig. 275. — Diagram Showing Method of Timing Four Cylinder High 
Tension Magneto Ignition System. ^ 


Timing Magneto Ignition Systems. — An ideal method of mag- 
neto placing and one followed by a large number of manufacturers 
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is shown at Pig. 275. In this the device' is fitted^to a four-*©^iind|r 
engine, and as the armature must be dTriven at the same speed as 
the crankshaft, it is necessary to use but one extra gear, that being 
the same size as the engine shaft pinion and driven by the cam- 
shaft speed reduction gear. Incidentally, the sketch illustrates thec 
bc^t, method of timing the magneto, which is one of the direct 
high-tension type. The position of the various parts is clearly 
shown. Having fixed the magneto to the engine crankcase, the 
driving pinion, or one of the members of a flange or Oldham 
coupling, is put loosely on the tapered end of the armature shaft, 
and the cover to the distributor and the dust cover of the contact 
breaker are removed to allow one to control the position of the 
armature. The motor is now turned over by hand so the piston 
in the first cylinder is at top center, which can be determined^ 
either by watching the crankshaft through a suitable opening in 
the engine base, by reading the marks on the flywheel rim, or by 
inserting a wdre through a compression relief petcock or spark 
plug hole, if either of these is at the top of the cylinder. 

The armature of the magneto is then brought to the position' 
indicated in sketch, w^hich represents the fitting of a magneto 
that is turning clockvise wdien viewed from the driving end. The 
distance between the end of the armature and the pole piece should 
be between 14 and 17 mm or between .5511 inch and .6692 inch. 
This represents an advance of about .5 inch on a motor wdth a five- 
inch stroke. A graphic chart, prepared by the Bosch Company 
and reproduced at Fig, 243, shows the relation between piston 
travel and crankshaft movement for engines of different strokes^ 
very clearly. The armature is uncovered by removing the flat^ 
casing cover lying between the horseshoe magnets, this often carry- 
ing the safety spark gap (as shown at Figs. 256 and 258), apd 
normally serving as a lid. If earlier timing be desired for any 
special purpose the gap may be widened a trifle, if it be thought 
tibe timing is too far advanced, the gap may be lessened. The 
contact breaker is fully advanced at this time and the contact 
points are just about to separate. Having placed everything in 
position as described, tighten the coupling on the taper shaft and 
ream out for a small taper pin. 
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Fig. 277. — Chart Showing Piston Travel to Correspond to Different 
Degrees of Spark Advance for Motors of Various Strokes. 


Advance in degrees. 
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Fig. 278.— At Top, Showing Methods of Tuning Bosch High Tension 
Magneto when Rotated in Either Direction. At Bottom, Simplified 
Wiring Diagram of Bosch High Tension Ignition System. 





Timing Ignition Systems 

The connections to the various cylinders must be made in the 
order tltey fire (see following tabulation). When the cover to the 
distributor is off, see at which segment the brush is contacting. 
The wire to the spark plug in the first cylinder is then led to the 
terminal corresponding to this segment. Then the plug in the 
cylinder that is next to fire is coupled to the next segment, and 
so on. The numbers on the distributor show the order in which 



Left Hand Mafi:neto 
Looking at Machine from Driving 
End Points (S) about to Open as 
Armature Core leaves Pole Piece 
about 1 / 16 ", Segment just under Brush. 


Right Hand Magneto 
Looking at Machine from Driving 
End Points (S) about to Open as 
Armature Core leaves Pole Piece 
about 1 / 16 ". Segment just under Brush 


Pig. 279. — Showing Methods of Timing Splitdorf Magneto. 


the various contacts are brought in contact with the rotating dis- 
tributing brush, and not that in which the cylinders fire. In the 
sketch the cylinders fire 1—2—4 — 3. Therefore, the segment num- 
ber 3 is coupled to the plug in cylinder 4, and the segment 4 is 
connected to the plug in cylinder 3, which is thus the last to fire 
if the explosion takes place first in cylinder 1. The direction of 
the distributor brush rotation, if driven by the usual form of gear- 
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ing, is opposite to that of the magneto armature. Obviously, if 
one cylinder is timed correctly, the remaining members will also 
fire at the proper time in the cycle of operations. The positions 
of the armature, distributing brush, contact breaker cam and 
piston are easily ascertained by inspection of drawing. 



Pig. 280, — ^Front View of Remy Magneto, Showing Construction of Dis- 
tributor and Contact Breaker. 

Firing Order of Typical Engines. — The following information 
relative to timing of leading 1914 and 1915 models of American 
manufacture will prove of great value to the repairman called 
upon to repair many different makes of cars. It is well to remem- 
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ber, if the firing order is not known, that it can be easily determined 
by following the inlet valve movements in the cylinders and noting 
the order of opening of these members. 

ABBOTT-DETROIT 

34-40 AND 44-50 — ^Firing Order 1 -3-4-2. 

Belle Isle — Firing Order 1-5 -3-6-2-4. 

Magneto Setting — Piston dead centre, lever fully rf tarded. Full advance, 
spark occurs with crankshaft 13 degrees ahead of dead centre. Contact 
point gap .018 inch. 

ALLEN. 

40 — Firing Order 1-2-4-3. 

Magneto Setting — Piston top dead centre, lever fully retarded. 


AMERICAN 

Scout — Firing Order l-3~4-2 
644. 646 AND 666 — Firing Order 1_5-3-6-2-4 
Magneto Setting — Three-quarter inch after dead centre on flywheel. 

ARBENZ 

Firing Order 1 -3-4-2 

Magneto Setting — Piston .03125 inch late, lever fully retarded. 

AUBURN 

4-40 AND 4-41 — Firing Order 1-3-4-2 
Magneto Setting — Piston 03125 inch late, lever fully retarded. 

6-46 AND 6-45 — Firing Order l_4-2-6-3-5 
Magneto Setting — Piston top dead centre, lever fully retarded. 

BUICK. 

B 24, 25, 36, 37 and 38 — Firing Order 1-3-4-2 
Delco — With timer cam fully retarded, spark occurs 40 degrees past 
upper dead centre on firing stroke. With hand spark lever half-way ad- 
vanced, spark occurs at approximately top dead centre. 

B 55 — Firing Order 1-4-2-6-3-5 
Delco — Piston dead centre with timer fully retarded. 
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CASE. 

25 R AND 36 S — Firing Order 1--3--4-2 
Magneto Setting — One thirty-second inch before top dead centre. 

40 O — Firing Order 1 -3-4-2. 

Magneto Setting — One-sixteenth inch after top dead centre. 

CHALMERS. 

24 — Firing Order 1_4-2-6-3-5 

Magneto Setting — One and one-half inches past centre, lever fully re- 
tarded. 

CHANDLER 

Six — Firing Order 1-5-3-6-2-4 
Magneto Setting — Piston dead centre, lever fully retarded 

COLE 

Four — Firing Order 1-3-4-2 
Six — Firing Order 1_5-3-6-2-4 
Delco — Piston dead centre, distributor fully retarded. 


CONTINENTAL. 

27 — Firing Order 1-3-4-2 

Magneto Setting — Three-quarter inch after dead centre on flywheel. 

GLIDE. 

30 AND 30 — Firing Order 1-3-4-2. 

Westinghouse — Piston top dead centre. 

GRANT. 

M — Firing Order 1 -3-4-2 

Magneto Setting — Lever fully advanced, piston 3125 inch before top 
dead centre 

HAYNES 

28 — Firing Order 1-3-4-2 

Magneto Setting — One sixty-fourth inch advanced on down stroke 
26 AND 27 — Firing Order 1_4-2-6-3-5 
Magneto Setting — One sixty-fourth inch advanced on down stroke. 
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HUDSON. 

6-40 AND C-54 — Firing Order 1-5-3-6-2-4 

HUPMOBILE 
32 — Firing Order 1_2-4-3 

Magneto Setting — Piston dead centre, lever fully retarded. 

IMPERIAL 

34 F B, 32 AND 34 4 M— Firing Order 1-2~4-3 
54 AND 44-0 — Firing Order 1_5-3-6-2-4 
Magneto Setting — Points break with piston on dead centre. 

INTER-STATE 
45 — Firing Order 1-5-3-0-2-4 

JACKSON 

Majestic and Olympic — Firing Order 1~3-4-2 
Magneto Setting — Piston 125 inch before top centre 
SuLTANic — Firing Order 1_5-3-6-2-4 
Magneto Setting — Piston 125 inch before top centre 

JEFFERY 

93 — Firing Order 1 -3-4-2 
96 — Firing Order 1-4-2-0-3-5 
Magneto Setting — Piston dead centre, lever fully retarded 

KEEdON 

F — Firing Order 1_5-3-6-2-4 
Magneto Setting — Points break 6,5 degrees before centre 

KINO. 

B — Firing Order 1-3-4-2 

Magneto Setting — Points break with lever fully retarded from centre 
to ,5 inch past on flywheel. 

KNOX 

44 and 45 — Firing Order 1-3-4-2, 

Magneto Setting — Piston .75 inch before top centre, lever fully re- 
tarded Battery, piston .375 inch before top centre 
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KBIT. 

L — Firing Order 1~3-4-2. 

Magneto Setting — Piston 125 inch before top dead centre, lever fully 
retarded. 

LEWIS. 

Six — Firing Order 1-5-3-6^2-4 

Magneto Setting — Piston top dead centre, lever fully retarded. Full 
advance equals 234375 inch of piston stroke. 

LOCOMOBILE. 

48 LD and RD, 38 RD and LD — Firing Order I_6-3-C)u-2-4 
Magneto Setting — Three-eighths to 4375 inch before top dead centre, 
lever fully advanced. 

LOZIER. 

Four — Firing Order 1-3-4-2 
77 — Firing Order 1-4-2-6-3-5 
Magneto Setting — Piston dead centre, lever fully retarded. 

LYONS-KNIGHT 
K4 — Firing Order I-3-4-2 

Magneto has six-inch range on 20-inch flywheel from one inch past centre 
to five inches before 

MAXWELL. 

25-4 and 35-4 — Firing Ordeh 1 -3-4-2 
50-f) — Firing Order l_4-2-0-3-5 

Magneto Setting — Points break with piston on dead centre, lever fully 
retarded. 

MOLINE-KNIGHT. 

26-60 — Firing Order 1 -3-4-2 
Magneto Setting — Piston top dead centre. 

MOON. 

42 — Firing Order — 1-3-4-2. 

6-50 — Firing Order 1-5-3-6-2-4. 

Delco — Spark breaks on centre in retarded position. 
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NATIONAL. 

40 — Firing Order 1--3-4-2 
Magneto Setting — Piston .0625 inch past top dead centre, lever fully 
retarded. 

Six — Firing Order 1_5-3~6-2~4 

Magneto Setting — Piston .125 inch before top dead centre, lever fully 
retarded. 

NORWALK 

C AND D — Firing Order 1_4-2-6-3-5 
Atwater Kent — Piston is .093 inch past centre with distributor set at 
retard. 


OLDSMOBILE 

54 — Firing Order 1_5-3-6-2-4 

Delco — Spark occurs at piston dead centre with hand spark lever fully 
retarded or .390625 before dead centre with lever fully advanced 

OVERLAND 

79 — Firing Order 1-3-4-2 

Magneto Setting — One and one-quarter inches after dead centre (fly- 
wheel), lever fully retarded. 


PACKARD 

2-38 — Firing Order 1-4-2-6-3-5 

Magneto Setting — Piston 5 inch before top centre, lever fully advanced. 

PAIGE 

25 and 36 — Firing Order 1-3-4-2. 

Magneto Setting — Place No. 4 piston on top dead centre (Compression 
stroke). Points should just begin to break. 

PIERCE- ARROW. 

Sixes — Firing Order 1-5-3-6-2-4 

Magneto Setting — Magneto mark on flywheel should be 4.8125 inches 
ahead of 1 and 6 top centre and 1 showing in timing window. Piston is 
.5 inch before top dead centre of 33 degrees of crank circle. Battery 
spark occurs with piston 2.125 inches before top dead centre or 75 degrees 
of crank circle with spark lever fully advanced. 
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. PILOT. . 

50 — Firing Order 1-3_4-2. 

60 — Firing Order 1-5-3-6-2-4. 

Magneto Setting — Points break with lever fully retarded and piston on 
dead centre. 

POPE-HAPTFORD 
35 — Firing Order 1_2-4-3 

Magneto Setting — Piston top dead centre Maximum advance of magneto 
.5 inch on piston travel 

PREMIER 

6-48 AND Weidely — Firing Order 1_4-2-6-3-5 
Magneto Setting — Piston dead centre, lever fully retarded. 

REGAL. 

C, T, N AND NC — Firing Order 1-2-4-3 
Magneto Setting — Piston top dead centre, lever fully retarded 

REO 

Fifth — Firing Order l_3-4-2 

Remy System — Piston top dead centre when indexing button on distri- 
butor engages. 

SAXON. 

A — Firing Order 1 -3-4-2. 

Atwater Kent — Piston dead centre, distributor fully retarded 

SIMPLEX 

38 AND 50 — Firing Order 1 -3-4-2. 

Magneto Setting — Piston 015625 inch before top dead centre. 

75 — Firing Order 1-3-4-2 

Magneto Setting — Piston dead centre or slightly after. 

SPEEDWELL. 

H — Firing Order 1_5_3-6-2-4. 

Magneto Setting — Points break with piston at tpp dead centre. 

Rotary — Firing Order 1_5-3-0-2-4 

Magneto Setting — One-sixteentb inch after top dead centre, lever fully 
retarded. 
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STEAENS-KNIGHT. 

Four — Firing Order 1-2~4-3. 

Six — Firing Order 1-5-3-4J-2-4 
Magneto Setting — Piston top dead centre, points breaking. 

STEVENS-DtJBYEA 
C 6 — Firing Order 1_4-2-6-3-5 

Magneto Setting — Figure 1 showing in timing window, 25 degrees before 
top dead centre (fiy wheel) 

BTUDEBAKER 

Four — Firing Order 1-3 4-2 
Six — Firing Order 1_5-3-6-2-4 
Remy System — Spark occurs 75 inch after top dead centre. 

YELIE 

5 AND 9 — Firing Order 1 -3-4-2. 

10 — Firing Order l_5-3-6-2-4. 

Magneto Setting — Piston top dead centre 

WINTON. 

Six — F iring Order l_5-3-6-2-4 

Magneto Setting — Piston 125 inch after top dead centre, le\er fully re- 
tarded and points breaking. 


Battery System Hints. — See that tlie wires are heavy enough 
to carry the current and that all the connections are kept clean 
and bright as every corroded joint causes needless resistance. 

Inspect battery connections, etc., occasionally, as they have a 
habit of working loose. 

Look well to the ground connection, which should be very se- 
curely made and placed where it will not corrode. 

Be sure the battery, especially if dry cells are used, is where 
it cannot get wet, as the paste-board may absorb sufficient moisture 
to short circuit the cells. 

See that all wdres are securely fastened so that they cannot by 
any means rub or chafe against either wood or metal parts; espe- 
cially the secondary wires. 
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Frequently examine the condition of the plugs, as plug trouble 
is often looked for elsewhere. 

Don't allow’ the wires to become water- or oil-soaked, as short 
circuiting wdll probably result. 

Don't screw dowm electrical connections with the fingers, as a 
tight joint cannot be made. Use pliers. 

Don't allow the storage battery to get so far discharged that 
it will not operate the coil. See that the vibrators are set as lightly 
as possible to run the engine without skipping, otherwise they will 
waste current. 

Don't take it for granted you have ignition trouble every time 
the engine stops. 

Don't start out knowing the battery to be nearly exhausted, 
as it may run all right to start with, but will probably go out of 
business at a most inopportune time and place. 

Don't adjust the coil vibrator for the biggest possible spark, 
as it wastes current. 

Don't think the coil is no good if the vibrators do not buzz 
exactly alike. 

Don't test storage batteries with an ammeter unless they are 
charging or discharging. 

Don't strain the coil by disconnecting the secondary wires, com- 
pletely so that no spark can jump, or by testing how far it will 
jump. 

Don’t screws or nail anything on to the coil box, as you may 

injure it. 

Don't tolerate any loose wires or poorly made connections. Fix 
them at once. 



CHAPTER YI 

MOTOR STARTING AND LIGHTING SYSTEMS 

Leading Methods Outlined — Mechanical Starters — Pneumatic Starters — Pres- 
to-lite Primer — Electric Starter Forms — Generator and Starting Motors 
— Generator Dnving Means — Starting Clutches and Gearing — Switches 
and Current Controlling Devices — ^Typical Wiring Diagrams — Delco Sys- 
tem — ^Bijur — Hartford, Auto-Lite — Gray & Davis — Chalmers — Entz — 
Remy — Faults in Motors and Generators — Faults in Wiring — Typical 
Lighting Systems. 

One of the pronounced developments of the last two or three 
years has been the general adoption of various starting means for 
setting the engine in motion without recourse to the usual form 
of hand crank. Some of these motor starting systems merely re- 
place the usual hand crank with some means of turning the motor 
over without leaving the seat by purely mechanical connections. 
Others, on 1912 and 1913 models of a few cars, depend on air 
pressure, while the most popular and generally applied forms to 
1916 model cars depend on electricity as a source of power for a 
small electric starting motor. Electric starting and lighting sys- 
tems have been made in many forms, though the basic principles 
of operation are practically the same in all systems that can be 
grouped in several main classifications. It will not be possible 
to describe all in a general treatise of this nature, but if the 
features of the leading systems are outlined it will not be difficult 
for the repairman to became familiar wdth the principle of other 
systems which may be slightly different only in points of minor 
detail. Before discussing the electrical starting means, it will be 
necessary to give brief consideration to the mechanical and pneu- 
matic starting systems which have received some degree of prac- 
tical application and which are still advertised in trade prints, 

561 



362 Automobile Repairing Made Easy 

Mechanical Starters* — While different makes of cars have been 
marketed using air starting systems, there has been no car offered 
with a mechanical starter, so wherever these are used they have 



Fig. 281. — allowing Construction of Mechanical Devices for Starting 
Gasoline Engine from the Operator’s Seat. 


been applied by the owner of the vehicle and not the manufacturer. 
Owing to the wide distribution of the Ford automobile, and the 
lact that the makers make no provision for a self-starting motor, 
various forms of simple starters by which the motor may be 
cranked from the seat have been offered. Two of these are shown 
at the top of Fig. 281. That at A consists of a ratchet clutch 
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which is attached to the starting end of the crankshaft and which 
is operated by means of chain connection with the smaller pulley 
of a two diameter pulley wheel. The larger wheel carries a wire 
caible which is attached to a straight rod running through the 
dashboard and terminating in a handle tonv<^nient to the drivers 
hand. A pull on the spade type handle provided at the end of 
the rod will move the pulley wheel and produce a corresponding 
movement of the starting ratchet which turns the engine crankshaft 
over in the same way as the hand crank does. A modification of 
t]ie device shown at A is outlined at B, This works on the same 
principle, except that an odd-shaped member is used to turn over 
the engine cranksliaft. These devices are in no sense of the word 
‘‘self-starters,’’ but on light motor cais they provide an effective 
substitute in that the engine may be turned over without undue 
exertion and without leaving tlie seat. This is an advantage of 
some moment when the engine stalls in traffic, or under conditions 
where it would be inconvenient to get out of the car. 

Two types of mechanical starters knovn as the Wilkinson are 
shown at the bottom of the illustration, Fig. 281. The one at D 
IS operated by pulling a handle on the dash, the one at C by a pedal 
designed for foot actuation. The meclianism is such that the 
fiy^heel is pushed around by a lever which will engage with either 
a stud or a shoulder on the flywheel. The type at the left uses 
the studded flywheel, there being four of these marked “S.” 
Wlien the arm C is moved by depressing a pedal, the finger A 
contacts witli one of the studs and turns the flywheel. Return 
engagement is produced by the large spring shown. In order to 
minimize liability of injury from backfire, the Wilkinson device 
is constructed so that the pawd D rises on the cam which bears 
against the collar E, and thus throws the finger out of engage- 
ment with the stud. One thrust of the pedal will turn the fly- 
wheel of a four-cylinder engine sufficiently to cause one cylinder 
to fire should ignition and carburetion and carburetion systems 
be functioning properly. The type at D is just as simple, but is 
modified somewhat in its construction. In this a hand lever is 
used to rotate the flywheel, and instead of using studs on the 
flj^ffieel rim, four shoulders in the interior periphery do the work. 
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These shoulders may be cast with the wheel, or in some cars it 
is possible to have them cut in the flywheel. The operation is the 
same as that of the type previously described as the movement of 
the cable causes the finger to engage with one of the shoulders, 
and thus turn the flywheel. 

The results obtained with any of these mechanical starters are 
not to be compared with that obtained from an electrical device 
which spins the motor much faster than normal hand-cranking 
speed, whereas the mechanical starter produces a movement of not 
more than half a revolution of the flywheel. Various forms of 
spring-operated starters have been devised and placed on the mar- 
ket, but these have not been very popular on account of their 
bulk and lack of reliability. The amount of power that can be 
stored in a spring is not great, and at the most the motor could 
only be turned over three or four revolutions. If the ignition or 
carburetion systems were not functioning just as they should be, 
it will be apparent that the spring would be unwound and in- 
capable of starting the motor. In order to turn the motor over it 
is necessary with most of these starters to rewind the spring with 
a hand crank provided for the purpose. If the engine starts 
promptly the spring is rewound automatically by the engine, and 
as long as the engine starts without delay the starter is available 
for use. Practically all of these devices require special fittings, 
with the exception of those described for the Ford car, and as full 
instructions are furnished by their makers for application the 
repairman who is called upon to fit a mechanical starter may do 
so without trouble by following the instructions provided. 

Pneumatic Starters. — Three prominent makes of automobiles 
which have been marketed in fairly large numbers, namely the 
Winton, Pierce- Arrow and Chalmers, have used pneumatic or air 
starters all of which have operated on exactly the same system. 
At the present time these cars are furnished with electrical starters 
of the conventional pattern. In case the repairman is called upon 
to repair one of the models equipped with an air starter, the 
writer believes it necessary to consider the arrangement of the 
parts and the method of operation briefly before considering the 
subject of electrical starters. All the components of typical sys- 
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terns, one of which wa^ used on Pierce- Arrow cars, is shown at 
Fig. 282. It will be observed that an air pump of the four-cylin- 
der type was attached to the gear box and driven from the counter 
shaft of that member. This supplied air to an air reservoir or 
container attached to the chassis. This container communicated 
with the top of an air distributor when a suitable control valve 
was open. An air pressure gauge is provided to enable one to 
ascertain the air pressure available. The top of each cylinder is 
provided with a check valve, through which air can flow only in 
one direction, i.e , from the tank to the interior of the cylinder. 
Under explosive pressure these check valves close. The function of 



Pig. 283 . — Some Important Components of Early Chalmers Air Starting 

System. 
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the distributor is practically the same as that of an ignition tim^, 
its purpose being to distribute the air to the cylinders of the 
engine only in the proper firing order. All the while that the 
engine is running and the car is in motion the air pump is func- 
tioning unless thrown out of action by an easily manipulated 
clutch control lever. When it is desired to start the car a starting 
valve is opened which permits the air to flow to' the top of the 
distributor, and then through a pipe to the check valve on top 
of the cylinder about to explode. As the air is going through 
under considerable pressure it will move the piston dowm just as 
the explosion w’oiikl, and start the engine rotating. The inside of 
the distributor rotates and directs a charge of air to the cylinder 
next to fire. In tliis way the engine ns given a number of revo- 
lutions, and finally a charge of gas wall be ignited and the engine 
start off on its cycle of operation. One of the advantages of the 
air starter system is that a source of air is provided for blowing 
up tires. 

The general arrangement of the Chalmers air starter wais prac- 
tically the same as that depicted. Some of the components wwe 
of different construction. Instead of bmng driven liy enclosed 
gearing the air pump w^as operated through a silent chain from 
the pump shaft, as showm in the upper left hand corner, Fig. 283. 
In this air pump the cylinders w^ere w^ater jacketed in order to 
prevent overheating. The construction of the dash push valve is 
clearly showm at C. This member not only serves to admit air 
to the center of the distributor, but also opens the cylinder start- 
ing valves to permit the air to flow’^ into the cylinder. The start- 
ing valve construction is clearly showm at E, this consisting of a 
simple fitting adapted to be screw^ed into the cylinders and com- 
municating with the interior of the combustion chamber. The bell 
crank X w^as us(‘d to depress the valve stem Y, and thus provide 
communication betw^een the air distributor and the combustion 
chamber interior. As the distributor w^as one of the important 
parts of all air-starting systems, that used on the Chalmers car 
when equipped with the air starter is shown at Fig. 284. By re- 
ferring to the sectional view at the right of the illustration it will 
be apparent that its function is practically the same as that of a 
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primary timer or secondary distributor of a magneto, except that 
instead of distributing electrical energy a blast of air was directed 
to the cylinders in the proper firing order. The rotating distributor 
disc is provided with one slot which registers consecutively with 
the openings to which the pipes running to the various cylinders 
were fastened. About the only trouble with an air-starting sys- 
tem was faulty cheek valve action or leaks in the pipe line or 
distributor which permitted the escape of air. If no air pressure 
was supplied to the tank the pump was at fault. This may be 
easily determined on inspection ; the same troubles should be looked 
for as described for the air pressure pump sometimes used in con- 
nection with the pressure system of fuel supply. 
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Fig. 284. — Showing Construction of Distributing Mechanism Employed 
with Air Starting System. 


Pres-to-lite Primer. — Where a car is equipped with a Pres- 
to-lite gas tank it is possible to secure easy starting by hand crank- 
ing, and even to run the engine on acetylene gas in an emergency 
if the gasoline supply fails by using a simple priming fitting shown 
at Pig. 285. The outfit consists of an automatic reducing valve 
attached to the gas tank, a pipe line running to the dash, and a 
push valve so mounted that acetylene gas may be admitted into 
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the inlet manifold through a pipe running from the push valve 
to the intake member. As shovm at A, a simple lever is rigged up 
so the push button may be operated from the front of the car. 
At B the push button is worked by the foot. The arrangement of 
the parts is clearly shown in the view at the bottom of the illus- 
tration. It is said that a properly charged gas tank will run a 
25 H. P. motor from ten to twelve miles if the gasoline supply 
should fail. The reason the acetylene gas provides easy starting is 
that it is very inflammable and does not need to be vaporized as 
the liquid fuel does. The gas primer is of special value when 
used in connection with mechanical starters of various kinds. Be- 
fore depressing the push button it is necessary to open the main 
shut-off valve incorporated with the push button assembly on the 
dash. This permits the gas to flow from the automatic pressure 
regulator to the body of the device where the push button valve 
provides access with the pipe running to the intake manifold. 
Obviously this priming system can be used only with cars equipped 
with a gas tank. On the modern electrically lighted and started 
cars the gas tank will be unnecessary, and is not apt to be used. 
However, the gas tank would probably be applied for lighting 
purposes on cars equipped with air starters, and on these models 
it would be of particular advantage inasmuch as the tendency 
of the air current passing to the cylinders is to retard prompt 
vaporization of tlie fuel sucked in from the carburetor, the rich 
acetylene gas would provide a rich mixture, and would enable the 
engine to run for a long enough period to permit the explosion 
to heat up the cylinders enough so the gasoline would vaporize 
promptly. 

Electric Starter Forms. — Electric lighting, cranking and igni- 
tion systems for motor cars are of such recent development that 
it is not possible to describe all systems used for this purpose. 
Not only do the individual systems vary in detail, but the com- 
ponents of the same system are often of different construction when 
used on cars of different makes. The standard equipment must 
include three component parts, namely, the generator which is 
driven by the engine and which produces electric current to keep 
the storage battery charged, and the starting motor which is in 
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Fig. 285. — Showing Method of Utilizing Pres-to-lite Gas Tank to Facili- 
tate Starting the Automobile Power Plant. 


mechanical connection with the engine and in electrical connec- 
tion with the storage battery when it is desired to turn the engine 
over for starting. If the motor and generator are combined in 
one instrument the starting system is known as a one unit type. 
If the motor is one appliance and the generator another, the sys- 
tem is said to be a two unit system. Each of these has advantages, 
and both forms have demonstrated that they are thoroughly prac- 








Electric Starting Systems 571 

tical. In addition to the three main items enumerated, various 
accessories such as switches, ammeters, connectors, wiring, pro- 
tective circuit breakers, automatic current regulators, etc., are 
necessary for the convenient distribution and contiol of the elec- 
tric current. The arrangement of the parts of a typi«^al one unit 
system in which the motor-generator is used oniy for starting and 
lighting is shown at Fig. 286. This shows ^ tne location of the 



Fig. 286. — Side View of Typical Automobile Showing Application of 
Entz One Unit Starting and Lighting System. 


various ])arts in their relation to the other components of the 
motor car. Tlie motor generator is mounted at the side of the 
engine, and is driven by the magneto drive shaft when used as a 
generator, ami serves to drive the engine through this means when 
it is used as a motor. The ignition current is supplied from in- 
dependent source, a high tension magneto. The starting switch 
and that controlling the lighting system are placed on the dash, 
while the storage battery is carried under the floor of the tonneau. 
This system, which is known as the Entz, will be described more 
in detail in proper sequence. 

The elements of a one unit system are shown in diagram form 
at the left of Pig. 287. It vill be observed that the armature car- 
ries two commutators, one of \\)iich is used when the armature is 
driven by the engine and when the device serves as a current 
generator, the other being employed when the operating conditions 
are reversed and the electrical machine is acting as a motor to turn 
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over the engine crankshaft. When the device is driven as a gen- 
erator the small sliding pinion on the short end of the shaft is 
out of engagement with the spur gear cut on the flywheel ex- 
terior. When it is desired to start the engine the spur gear is 
meshed with the member cut on the flywheel and the current 
from the storage battery is directed to the windings of the electric 
machine which becomes a motor and which turns over the engine 
crankshaft. When the device is working as a generator the cur- 
rent that is developed goes to the storage battery, and from that 
member to the various current consuming units. 

Sometimes the motor and generator are combined in one casing 
and the system so provided is erroneously called a ‘‘one unit’* 



Fig. 287. — Diagram Defining Application of One and Two Unit Motor 

Starting Systems. 


system. This construction is shown at the right of Fig. 287. In 
reality such a system is a two unit system, because the electrical 
machines are uni-functional instead of performing a dual function 
as does the combined-motor-generator at the right of the illus- 
tration. The wiring is shown in simplified form and should be 
easily followed by any repairman. The parts of a two unit start- 
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ing and lighting system are shown at Fig. 288. This system is 
sometimes called a ‘'three nnit"^ system, on account of having a 
source of independent current supply for Jgnition purposes. As 
will be observed, the generator is driven from the motor crank- 
shaft by silent chain connections, one of the terminals passing 
through the cut-out device and to the storage battery, the other 
terminal running directly to the storage battery terminal having 
a short by-pass or shunt wire attached to the cut-out. All the time 
that the engine is running the generator is delivering electricity 
to the storage battery. 

It will be observed that the storage battery is also coupled to 
the lighting circuits whicli are shown m a group at the right of 



Fig. 288. — Diagram Showing Components of Three Umt Starting, Ihght- 
ing and Ignition Systems. 


the illustration, and to the electric starting motor as indicated. 
One of the storage battery terminals is joined directly to the switch 
terminal by a suitable conductor, the other goes to one of the 
terminals on the starting motor, while the remaining terminal of 
the starting motor goes to the switch. In this system, when the 
small sliding pinion is meshed with the flywheel gear, the switch 
is thrown on simultaneously, and the current that flows from the 
storage battery through the windings of the starting motor rotates 
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the engine crankshaft by means of reduction gears shown. As soon 
as the engine starts the foot is released and a spring pulls the 
switch out of contact, and also disengages the sliding pinion from 
the flywheel gear. 

The actual appearance of a motor fitted with a two unit motor 
starting and lighting system is shown at Fig. 289. It will be 



Pig. 289. — ^Method of Attaching Starting Motor and Generator of Typical 
Three Unit System on Six Cylinder Engine. 

observed that the generator is driven from the purapshaft exten- 
sion by a leather universal joint, while the starting motor is mounted 
at the back end of the crankshaft in such a position that the 
concealed sliding pinion may be brought into engagement with the 
flywheel driving gear. The interlock between the starting switch 
and the pinion shifting means is also clearly shown. Electrical 
starting systems may be operated on either six- or twelve-volt 
current, the former being generally favored because the six-volt 
lamps use heavier filaments than those of high voltage, and are 
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not so likely to break due to vibration. It is also easier to install 
a six-volt battery, as this is the standard voltage that has been 
used for many years for ignition and electric lighting purposes 
before the starting motors were applied. 

In referring to a system as a one unit svstem of lighting, 
starting and ignition, one means that all of these functions are 
incorporated m one device, as in the Delco system described, in the 
chapter on ignition. If one unit is used for generating the light- 
ing and starting current, and also is reversible to act as a motor, 
but a separate ignition means is provided such as a high tension 
magneto, the system is called a ''two unit'' system. The same 
designation applies to a system wdien the current generating and 
ignition functions are performed by one appliance, and where a 
separate starting motor is used. The three unit system is that in 
which a magneto is employed for ignition, a generator for supply- 
ing the lighting and starting current, and a motor for turning 
over the engine crankshaft. Before describing the individual sys- 
tems it would be well to review briefly the various components 
common to all s3\stems. 

The generator, as is apparent from its name, is utilized for 
producing current. This is usually a miniature dynamo patterned 
largely after those that have received wide application for gener- 
dtiiig current for electric lighting of our homes and factories. 
The generators of the different systems vary in construction. Some 
have a permanent magnetic field, while others have an excited field. 
In the former case permanent horseshoe magnets are used as in 
a magneto. In the other construction the field magnets, as well 
as the armature, are wound with coils of wire. In all cases the 
dynamo or generator should be mechanically driven from the 
engine crankshaft either by means of a direct drive, by silent 
chain, or through the medium of the timing or magneto operating 
gears. Belts are apt to slip and are not reliable. 

All the current produced by the generator and not utilized by 
the various current consuming units such as the lamps, ignition 
system, electric horn, etc., is accumulated or stored in the storage 
battery, and kept in reserve for starting or lighting when the 
engine is not running or for lighting and ignition w^hen the car 
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is being run^ at such low speed that the generator is not supplying 
current. Storage batteries used in starting systems must be of 
special design in order to stand the high discharge and to perform 
efficiently under the severe vibration and operating conditions in- 
cidental to automobile service. The storage battery may be in- 
stalled on the running board of the automobile, under the body, 
or under the front or rear seat, the location depending upon the 
design of the car and the degree of accessibility desired. The 
^ best practice is to set the storage battery in a substantial carrying 
case held by rigid braces attached to the frame side and cross 
members. If the battery should be set under the tonneau floor 
boards, a door must be provided in these to give ready access to 
the battery. 

The starting motor, which takes the place of the common hand 
crank, is operated by current from the storage battery, and the 
high speed armature rotation is reduced to the proper cranking 
speed by reduction gears of the different forms to be described m 
proper sequence. The construction of the starting motor is prac- 
tically the same as that of the dynamo, and it operates on the same 
principle, except that one instrument is a reversal of the other. 

In order to secure automatic operation of a lighting and start- 
ing system several mechanical and electrical controls are needed, 
these including the circuit breaker, the governor, which may be 
either mechanical or electrical, and the operating switches. The 
circuit breaker is a device to retain current in the storage battery 
under such conditions that the battery current is stronger than that 
delivered from the generator. If no circuit breaker was provided 
the storage battery could discharge back through the generator 
winding. The circuit breaker is sometimes called a ^'cutout. 
The circuit breaker is usually operated by an electro magnet, and 
may be located either on the generator itself or any other con- 
venient place on the car, though in many cases the circuit breakers 
are usually mounted on the back of the dashboard. This device 
is absolutely automatic in action and requires but little attention. 

The governors are intended to prevent an excessive output of 
current from the generator when the engine runs at extremely 
high speed. Two types are used: one mechanical, operated by 
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centrifugal force, and the other electrical. The former is usually 
a friction drive mechanism mounted on the generator shaft which 
automatically limits the speed of the dynamo armature to a defi- 
nite predetermined number of revolutions per minute. The maxi- 
mum current output is thus held to the required amount inde- 
pendently of the speed at which the car is bemg driven. The 
use of this device minimizes the possibility of overheating the gen- 
erator overcharging the battery at high car speeds. The electrical 
system of governing does not affect the speed of the armature, but 
controls the outjiut of the generator by means of armature reac- 
tion and a reversed series field winding. The governors usually 
permit a maximum generator output of from ten to twelve am- 
peres, though the normal charging current is less than this figure. 

In practically all systems an amperemeter is mounted on the 
dash so that it can be readily inspected by the driver, this indi- 
cating at all times the amount of current being produced by the 
dynamo or drawn from the battery. If the indicating needle of 
the amperemeter points to the left of the zero point on the scale, 
it means that the battery is furnishing current to the lights or 
other current consuming units or discharging. When the needle 
points to the otlier side of the scale, it means that the generator 
is delivering current to the battery which is charging it, the amount 
of charge or discharge at any time can be read from the scale on 
the face of the amperemeter. Some of these instruments have the 
words ^‘charge’’ and ^‘discharge” under the scale in order to 
enable the operator to read the instrument correctly. 

Another important element is the lighting switch, which is 
usually mounted at some point within convenient reach of the 
car driver. This is often placed on an instrument board on the 
back of the cowl in connection with other registering instruments. 
As ordinarily constructed, the switches are made up of a number 
of units, and the wiring is such that the head, side and tail lamps 
may be controlled independently of each other. For simplicity 
and convenience of installation, the switch is usually arranged 
so that all circuits are wired to parallel connecting members or 
busbars’’ placed at the rear of the switch. In some cars, the 
Overland 80 model, the switch units are placed on the steering 
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column. As but little current passes through the lighting switch 
the contacts are not heavy in construction as are those of the 
starting switch. 

The function of the starting switch is to permit the current to 
flow from the storage battery to the starting motor, when it i$ 
necessary to start the car. It is arranged usually so as to be 
readily operated by tlie foot and is nearly always installed at 
some convenient x>osition on the toe board of the ear. As we 
have previously shown, the starting switch is often interlocked 
with the starting motor gearing so that the operation of engaging 
the gear with the flywlieel and of turning on the current to the 
starting motor are accomjjlished simultaneously. The lighting and 
motor starting wiring systems are independent of each other, and 
may be easily found as that used to convey the high amperage 
starting current is of heavy round single conductor cable, w^hile 
the lighting wiring is usually a light multiple strand cable. In 
order to prevent chafing and depreciation of the insulation the 
wiring is often protected by conduits of a flexible metal tubing, 
and the terminals are extremely heavy and well adapted to resist 
the vibration which is unavoidable m automobiles. 

Generators and Starting Motors. — Essentially there is not 
much diflPerence in construction between a starting motor and a 
generator as the principles upon wliich they operate are prac- 
tically the same. A machine that is capable of delivering current 
in one direction when driven by mechanical power will produce 
mechanical energy if electrical current is passed through the wind- 
ing in a reverse direction. The construction of typical starting 
motors and generators may be readily understood if one refers 
to the illustrations at Fig. 290. That at A is one form of the 
Gray & Davis governed dynamo, which is of the limited armature 
speed type. The power is directed to the driving member of a 
friction clutch which turns the generator armature by means of 
friction contact with a disc attached to but slidably mounted on 
the armature shaft. This plate is held in contact by a coil spring. 
A pair of hinged governor arms are attached to the driven clutoh 
plate, while the other ends are attached to a rotating spider mem- 
ber fastened on the dynamo armature shaft. When the speed 
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creases beyond a given point the governor weights fly out, due to 
cjentrifugal force, and reduce the amount of frictional adhesion 
between the clutch members in proportion as the armature shaft 



Fig. 291. — The Disco Two Unit Outfit Having Motor and Generator 
Mounted in Common Carrying Case, the Motor Being Placed Above 
the Generator. 
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speed augments, until the point' is reached wher^ there is no 
frictional contact between the parts of the clutch and the driving 
plate is turning at engine speed, while the driven member that 
imparts motion to the armature is gradually slowing down and 
permitting the tension of the coil spring to overcome that force 
produced by rapid rotation, and to bring the discs in contact again 
for just a sufficient length of time to enable the armature to 
maintain its rated speed even if the engine is running faster than 
normal. 

A typical starting motor, which is of the Rushmore design, 
is shown at B. As will be evident, this is practically the same in 
construction as the generator shown above it, as far as essentials 
are concerned, except that no governor is provided and the arma- 
ture shaft is fitted with a small spur pinion designed to engage 
with the spur gear on the engine flywheel. No mechanical inter- 
connection is necessary between the drive pinion and the elec- 
trical starting switch. As soon as the current flows through the 
armature of the motor it will move that member laterally and 
automatically engage the pinion of the flywheel gear. As soon 
as a starting switch is released, a coil spring will push the start- 
ing motor armature back again in the position shown in the illus- 
tration, and thus automatically bring the pinion out of mesh with 
the flywdieel gear. In order to obtain a sliding feature this motor 
armature shaft is mounted on plain bearings instead of ball bear- 
ings, which are standard equipment on practically aU machines of 
this nature. 

The device outlined at Fig. 290, C, shows the construction fol- 
lowed when the ignition function is combined with a current gen- 
erator^ and starting device having the three functions performed 
by one instrument. The general construction is the same as in 
the device previously outlined. The drive shaft of the device is 
adapted to be attached to the engine by direct mechanical means. 
When the device is used as a current generator, the armature is 
driven by the shaft, whereas if the device is used as a motor the 
armature drives the shaft A through a planetary reduction gearing 
and roller clutch. Regardless of whether the device is used as a 
motor or generator, the distributor for ignition purposes is driven 
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in the same direction, and at the proper speed to insure ignition 
as it is driven directly from shaft A, which turns at crankshaft 
speed. 

An example of a double deck combined instrument in which the 
generator is carried in the lower portion of the casing and the 
starting motor at the upper part is clearly shown at Pig. 291. The 
view at A shows the external appearance while the partial section 
at B makes clear the arrangement of the reduction gearing and 
roller clutch. This type is meeting with favor because it is 
mounted easily, and also on account of the simple mechanical con- 
nection to the engine. While the two units are electrically sepa- 
rate, i.e., each having its own field and armature, it may be con- 
sidered as one unit mechanically. The double deck instrument 
shown is designed for application to the side of a gasoline engine 
connecting by chain or gearing to the pump or magneto drive 
shaft. It should be noted that this chain or gear is the only con- 
nection between the machine and the engine, and that it is used 
not only for transmitting the engine energy to the generator, but 
also acts to transmit the power from the starting motor to turn 
the engine crankshaft when it is desired to start the power plant. 
It vnll be apparent that in a combined instrument of this type 
that it is necessary to have a fairly low gear ratio between the 
motor and the engine in order to reduce the high speed of the 
motor armature rotation to a speed low enough to turn over 
the engine crankshaft. At the other hand, once the power plant 
is started the generator armature must turn at a slower speed 
than that of a starting motor, and if it is run from the pump 
shaft or magneto drne shaft it will turn fast enough to gener- 
ate the proper quantity of electricity. The starting motor, how- 
ever, must be geared down in order that it may exert the start- 
ing torque through the high leverage furnished by the reduction 
gear. The motor occupies the upper position as shown at B, 
Fig. 291, and carries a pinion P keyed to the end of its armature 
shaft M. This pinion transmits the drive to an intermediate shaft 
S, which in turn drives the large gear forming the outer casing of 
an overrunning roller clutch R. The inner or driven member 
of this clutch is mounted rigidly on the armature shaft G of 
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generator and carries the drive through to the outer chain gear C 
when cranking the engine. As soon as the engine explodes and tJie 
speed runs above that represented by the starting motor at tJie 
roller clutch the latter comes automatically out of action, thus per- 
mitting the generator to obtain its power in the normal way through 



Fig. 292. — Method of Driving Gray & Davis Generator by Silent Chain 
from Engine Crankshaft. 


the chain wlieel C attached to the dynamo shaft G. The motor 
armature above comes to rest as soon as the starting switch is re- 
leased. The generator of this device has its output controlled by 
a combination of armature reactions and a bucking coil, wdiile the 
battery is protected from discharging back through the generator 
by a simple magnetic contact breaker or cut-out. 
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Oenerator Driving* Methods. — When electric lighting was first 
applied to automobiles it was not considered necessary to drive the 
generators by positive connection, and the early devices were fur- 
nished with pulleys for flat or V belt drive. At the present time it 



Fig. 293. — IMagram Showing Methods of Transmitting Power of Starting 
Motor to Power Plant, Also Simplified Diagram Showing Intercon- 
nected Starting Switch and Motor Starting Gear. 


is considered highly important to provide a positive mechanical 
connection that will not slip between the generator and the engine 
crankshaft. The common systems where the generator is a sepa- 
rate unit from the starting motor and in those forms where the 
starting and generating functions are combined, involve a connec- 
tion with the motor crankshaft through some form of gearing. As 
will be apparent in Fig. 289, the generator is driven by means of 
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universal joint connections with an extension of the pump shaft. 
The motor crankshaft imparts its power through the camshaft tim- 
ing gear to the small pinion utilized in driving the water pump. 
In the generator application shown at Pig. 292 the armature is ro- 
tated by silent chain connection with a gear on ihe motor crank- 
shaft. There is not the diversity of drives fox the generator as 
there is in the methods of connecting the starting motor to the 
end of the crankshaft. 

Starting Gearing and Clutches. — In order to show the variety 

of driving means used in connecting the starting motor to the work 
of turning over the engine crankshaft, the leading systems have 
lieen grouped in one illustration at the top of Fig. 293. Starting 
from the front of the motor, the first method shown is by means 
of a worm gear initial or primary reduction and chain connection 
from the worm-driven shaft to the motor crankshaft. In some cars 
the worm reduction is used having the starting motor mounted at 
the side of the change speed gear box instead of attached to the 
motor crankshaft. The reduction in speed may be by means of the 
spur gears and chain, as shown at A-2, or by a chain to a shaft con- 
nected with the timing gear, as in A-3. The method at A-4 is a very 
popular one, including a reduction to an intermediate shaft, which 
carries a sliding pinion designed to engage the gear on the flywheel 
i’lm. The method at A-5 is used with the Rushmore starter, the 
juiiion being brought into direct engagement with the gear on the 
flywheel by the axial movement of the armature when the current 
IS supplied to the field winding. The method at A-6 permits of 
attaching the starting motor securely to the frame side member at 
a point near the gear box, where it will be out of the way and not 
interfere with the accessibility of the power plant. "When mounted 
in this mafitier the drive is by a double universally jointed shaft to 
a small silent chain sprocket, which connects to a much larger 
member attached to the engine flywheel or crankshaft. 

The complete system showm at Fig. 293, B, is the most popular 
of all that have been used. This shows the application of the start- 
ing motor, outlined at A-4. The mechanical interlock between the 
sliding pinion on the intermediate shaft and the starting switch 
IS clearly shown. Before the pinion engages the gear on the fly- 
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Fig. 294. — Metliod of Mounting Starting Motor Having Speed Reduction 
Through Worm Gears and Roller Chains, 
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wheel rim the switch makes contact, but owing to the resistance in- 
terposed in circuit the motor will turn slowly to permit of more 
ready engagement of the sliding pinion. As soon as the pinion is 
fully engaged with the large gear the resistance is cut out and the 
motor draws w^hat current it needs from the storage battery, this 
being enough to produce the torque necessary to turn over the en- 
gine flywheel and the crankshaft to which it is attached at such 
speed as will produce prompt starting. 

The actual application of the system, shown at A-1, Fig. 293, is 
outlined at C, Fig. 294. It will be observed that the starting mo- 
tor is attached to the side of the engine in a vertical position and 
that it drives the intermediate shaft by means of a worm on the 
motor armature, which engages with a worm gear on the interme- 
diate shaft, w^hich also carries the driving sprocket, as showm at B. 
A further reduction in speed is obtained owing to the difference 
in size of the small sprocket on the intermediate shaft and that at- 
tached to the clutching member normally revolving free on the mo- 
tor crankshaft. It will be seen that the motor armature is sup- 
ported on ball bearings, and that one of these, backing the worm, 
is a double row form capable of sustaining both the end thrust 
and radial load imposed by the driving w^orm. In order to resist 
the end thrust on the w’orrn gearing successfully a ball thrust bear- 
ing is used, as shown at B. When it is desired to start the motor 
the clutch actuator, which is showm in the diagram at A, is pushed 
in until it engages the ratchet teeth cut on the face of the large 
sprocket. When the sprocket turns it must turn the engine crank- 
shaft in the same direction, but just as soon as the engine runs 
faster than the large sprocket the clutching action will be released 
automatically by the ratchet teeth being throwm out of engage- 
ment. If it is necessary to start the engine by means of a hand 
crank this may be done by inserting the starting crank in the start- 
ing ratchet provided on tlie extreme end of the crankshaft. The 
large sprocket is normally free and the engine crankshaft turns 
w ithout producing a corresponding movement of the sprocket mem- 
ber. The general arrangement of the parts is so clearly showm 
that no further description will be necessary. 

The constrindion of a typical overrunning clutch is clearly 
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shown at Fig. 295. The electric starting motor is secured to a 
base on the crankcase of the gasoline engine and the motor power 
is imparted through the medium of the small gear F carried by the 
armature shaft. This drives gear E, which turns at a lower speed 
on account of being larger, and that in turn engages with gear D, 
which is still larger in diameter. The small pinion C, which turns 
much slower than the motor pinion P, meshes with the large gear 



Fig. 295. — Defining Construction of^Typlcal Eoller Clutch. 


B attached to the clutch body. The use of this gearing provides a 
reduction of 40 to 1, which means that gear P must make 40 revo- 
lutions to one of the clutch body. 

The ratchet or driven member of the overrunning clutch L is 
pinned to the engine crankshaft and revolves with it when the mo- 
tor is operating, rotating inside of the gear B, having* a bearing at 
K and turning in the direction of the arrow. The member L has 
three flat surfaces, M, cut at an angle to the inside of the gear B. 
On each of these a hardened steel roller, A, is held inside of the 
gear by a light spring and against the flat surface of the member 
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L. The roller travels with the clutch and runs free against the 
side of the gear B when the engine is in motion and when the start* 
ing gears are idle. As soon as the current is directed to the elec- 
tric starting motor, the three rollers are bound between the clutch 
body and the ratchet member carrying them and the crankshaft is 
driven until such time as the engine speed incrcasep sufficiently to 
overrun tliat of the member attached to the crankshaft. 



Pig. 296. — Showing Interconnection between Starting Switch and Inter- 
mediate Pimon of Delco System. 


Overrunning clutches are not necessary in those systems in 
which the gears are moved into engagement, as in that shown at 
Pig. 296. In this tlie starting switch and the double shifting mem- 
ber, GH, are mechanically interconnected so that the starting 
switch wull not be completely engaged until gearing is in mesh. The 
larger gear H of the sliding members meshes with that on the arma- 
ture shaft, while the smaller of the pair, G, meshes with the fly- 
wheel. The arrangement of the parts outlined is used on the Cole 
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car. In the Hartford starting motor, which is shown at Fig 297, A, 
the clutch is of the friction type and is engaged automatically 
when the energy is passed through the motor winding to produce 
movement of the engine crankshaft. The reduction between the 



Pig, 297. — The Hartford Starting Motor Employing Worm Gear 
Beduction at A, Ward-Xieonard Combination at B. 
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starting motor and the crankshaft is made by a worm and worm 
gear. When the switch pedal is depressed and tlie switch blades 
go into contact the same movement produces pressure on the end 
of the lever attached to R R, which transmits a strong pull on the 
friction clutch and thus connects tlie motor to the starting gear. 
Tlie Ward Leonard combination is shown at Fig. 297, B. In this 
the motor is carried above the generator, and but one driving gear 
IS needed to operate both the generator and to enable the starting 
motor to turn over tlie engine crankshaft. The speed reduction is 
by an intermediate gear shaft, the general operation being the same 
as that of the Disco starter, previously described. 

Switches and Current Controlling Devices. — The various 
methods of operating the starting switch, wdiich may be intercon- 
nected with the gearing to turn the crankshaft, are sliown at Fig. 
299. All of the methods of actuating the electric self-starter may 
be grouped into three main classes: one, by hand lever; two, by 
pedals, and three, by semi-automatic means. The method at A is 
used on some Paige-Detroit cars, a hand lever, A, attached to the 
steering column being used to make the mechanical interconnection 
between the clutch pedal and the starting gear mechanism. In or- 
der to safeguard the gearing of the starter the electrical connection 
cannot be eifected until this mechanical interconnection is made. 
After the hand lever is thrown over in the proper position, de- 
pressing the clutch pedal suffices to permit the electrical connection 
to be made and the gasoline engine started. In the Ilupmobile 
control, which is shown at B, a small auxiliary lever S is used to 
put the starter into gear. The view at D shows a small pedal 
which is employed to make the starting connection. This is the most 
popular system, especially when pedal is connected with the cur- 
rent-controlling switch, so that the full amount of current will not 
flow to the motor until the reduction gearing is completely engaged. 

An example of the semi-automatic method which is used on the 
cars employing the Entz starter, namely, the Franklin, Chalmers 
and White, is showm at C. To put the starter in operation it is 
only necessary to move the handle H on the dashboard or other 
convenient position, where it may be readily reached with the 
hand or foot. Tins method is called the semi-automatic, because 
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the starter operates all the time until the gasoline engine is stopped 
by short circuiting the ignition. The first step is to throw the han- 
dle to the ignition point, and after closing the ignition switch, it is 
moyed in the same direction until the storage battery has been con- 
nected to the starter generator. It is not necessary to touch the 
handle again until one desires to stop the engine, as moving the 
handle to the other extreme of its operating quadrant first opens 
the connection between the storage battery and the motor generator 
and then interrupts the ignition. With this starting system, if the 
motor should be stalled for any reason or slow down below its nor- 



Fig. 298. — ^Method of Adjusting Governor of Gray & Davis Governed 

Dynamo. 
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mal cranking speed the starting motor-generator unit automati- 
cally changes from a generator to a motor and turns the gasoline 
engine crankshaft, making it practically impossible to stall the 
engine with this type of starter. 

Owing to the large amount of current starting switches must 
carry, they are made much heavier in construction than lighting 
switches. They must be mechanically strong and the contact areas 
be sufficiently large to jiass a current of from 40 to 200 amperes, 
deiiending upon the voltage of the starting sa stem and the size of 
the engine to be turned over. If the contact points w^ere not of 
large area they wx)uld be very soon burnt. There are two types of 
starting switches in common use, one has only a single contact and 
is used on those systems in which the motor is connected at once 
directly to the battery terminal. The other type of switch has two 
sets of contacts, the first one completing a circuit through a re- 
sistance, the second one cutting out this resistance and permitting 
the maximum current to flow\ The Gray & Davis laminated switch, 
show’n at Fig. 300, A, is a tw^o-contact form. A movement of the 
switch actuator first engages the blades with the contacts E E, then 
the arched contact piece L makes a connection wuth the pieces C C 
to allow the maximum current to pass. With the switch shown at 
D, w'hich is also of Gray & Davis manufacture, there are no start- 
ing gears, and the only necessary operation is to direct the current 
directly from the battery into the starting motor wunding. The 
switch is set in the fioor boards of the car and is operated by the 
push rod P, wdiich terminates with a button. The contacts C and 
0 are circular in form and their free ends are turned aw^ay from 
each other so they may slip down over the members R and S, which 
are set in the insulating piece B. As soon as the pressure of the 
foot is released a spring returns the push button P and the electric 
circuit is broken. 

The switch used on some of the Delco systems is shown at C. 
In the latest form the motor generator has two independent wind- 
ings, both on the field and the armature. If the current from the 
battery is directed into the generator end the machine acts as a 
shunt motor and the armature rotates at a moderate speed. If the 
starting gearing will not mesh immediately when brought together 
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a'starting button on the dashboard enables tlw operator to pass the 
^rrent through the generator vrimding,’ this causing the armature 
ta turn over and facilitating meshing of the gearing. The main 
stJi^ing switch lias only two points. In the off position the starter 



Pig. 299. — Conventional Method of Engaging Starting Gearing. 


is connected directly to the battery terminal. An auxiliary contact 
on the starting switch breaks the circuit through the generator end 
and stops the current flowing when the device is used as a starting 
motor. A heavy copper bar is moved across the face of the con- 
tacts B, E and P, the switch normally connects E and P, a feature 
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which is necessary because of the dual functions of the combined 
motor generator. When tlie copper t)ar is moved to the left con- 
tacts B and P are brought into full electrical connection with one 
another and the entire battery current then flows to the motor. The 
contact pieces are molded into a piece of insulating materiaL The 
contact bar is pressed against them by means of springs 



Fig. 300. — Showing Construction of Typical Motor Starting Switches. 


Another form of laminated spring switeh, which is known as the 
harpoon type, is shown at B. This is of Ward Leonard design. It 
is designed for use wuth a starter having flywdieel gear drive, there- 
fore it provides tw^o contact points. The first contact with resist- 
ance in circuit is secured when the fingers C contact or make con- 
nection wdth the plugs E and P, Purther movement of the switch 
short circuits the resistance by closing the main laminated con- 
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Fig. 801. — Sectional View, Showing Construction of High Capacity Stor* 
age Battery Intended for Use With Motor Starting and Lighting 
Systems. 


tacts M M. These allow for considerable latitude of movement. 
The entire switch is built up on a piece of slate as a base and the 
resistance coils of wire are placed in the back of this base piece. 
The switches shown may be considered representative design, 
though the construction varies with practically every starting syb- 



Delco System 597 

tern. The writ^ is indebted to the Horseless Age for the illustra- 
tions at Figs. 299 and 300. 

Typical Wiring Diagrams, Delco System. — The various com- 
ponents of the Delco starting, lighting and ignition system have 
been outlined in the preceding chapter on ignition. A wiring dia- 
gram of the Delco-Olds system is shown at the top of Fig. 302 for 
those vith a sufiBcient knowledge of electricity to be able to trace 
the various wares. All of the units are showm in diagram form, but 
the operation of the system may be easily understood if the descrip- 
tion that has been previously given is studied in connection with 
tlife diagram. The ignition system wall draw its current either from 
a^ve-cell dry battery or from the storage battery. The function 
of the ignition i*ijlay has been previousjy described. It wall be ob- 
served that this System operates on the one w ire method, all con- 
nections for retorn of current to the storage battery and the various 
units being made by the motor car frame. The broken lines indi- 
Gite a ground connection, wdiile the full lines designate wares. 
Considering the starting connections first, it wall be apparent that 
one of the terminals of the storage battery is grounded to the frame, 
w^hereas the other is joined to one of the terminals of the starting 
swatch. The other terminal of the starting switch is joined to the 
windings of the motor generator, wdiich makes that device act as 
a motor to turn the engine crankshaft. The return from the mo- 
tor windings to the storage battery is by means of a grounded re- 
turn ware. AVith the swatch in the position shown, the starting 
windings are not connected with the storage battery, but the gen- 
erator windings are. One of the generator terminals is joined di- 
rectly to the frame. The other passes through the cutout relay 
and through the voltage regulator, both of w^hich have been pre- 
viously described. Six of the terminals on the distributor head, 
’Sll^ich are for ignition, are joined to the spark plugs. The remain- 
ing terminal, w^hich is in the center of the group, is joined to the 
l^condary terminal of the ignition coil. The circuit through the 
secondary is completed through a grounding wire, w^hich is in elec- 
trical contact wdth the grounded bodies of the spark plug. The 
insulstted terminals of the spark plug are joined to the six terminals 
pn the distributor head. The primary winding of the ignition coil 
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is joined to the circuit breaker through one terminal, this in turn 
passing through the dry battery to the ignition relay. The other 
terminal of the ignition coil is joined to the starting, lighting and 
ignition switch by a suitable conductor. 

The arrangement of this switch is such that the current may be 
supplied directly to the head, side and tail lamps from the storage 
battery at all times that the switch circuit is closed. It is also pos- 
sible to draw the ignition current either from the six-volt storage 
battery or from the battery of dry cells. The only tune that the 
storage battery current flows through the starting motor windings 
is when the starting switch closes the circuit between the storage 
battery and the motor. At all other times the starting switch mem- 
ber is in such a position tliat the generator windings are in action 
and that the current from the armature is being passed into the 
storage battery. 

Delco Motor Generator. — The motor generator which is located 
on tlie right side of the engine is the principal part of the DelCo 
System. This consists essentially of a dynamo with two field wind- 
ings, and two windings on the armature wdth two commutators and 
corresponding sets of bruslies^ in order that the macliine may work 
both as a starting motor and as a generator for charging the battery 
and supplying the lights, horn and ignition. The ignition appa- 
ratus is incorporated in the forward end of the motor generator. 
This in no vay affects the working of the generator, it being 
mounted in tins manner simply as a convenient and accessible 
mounting 

The motor generator has three distinct functions to perform 
which are as follows No 1 — Motoring the Generator. No. 2 — 
Cranking the Engine. No. 3 — Generating Electrical Energy. 

Motoring the Generator. — Motoring the generator is accom- 
plished when tlie ignition button on the swdtch is pulled out. Tli^ 
allows current to come from the storage battery through the am- 
meter on the combination switch, causing it to show a discharg^ 
The first reading of the meter will be much more than the reading 
after the armature is turning freely. The current discharging 
through the ammeter during this operation is the current required 
to slowly revolve the armature and w^hat is used for the ignition. 
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Fig. 303_Winng Diagram of Delco^lds System in Non-Techmcal Form. 
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Fig, SOSA. — ^Views Showing Arrangement of Parts of Delco Number 68 
Motor-Generator. Note Double Commutator and Two Sets of Brushes. 


The ignition current flows only when the contacts are closed, it being 
an intermittent current. The maximum ignition current is obtained 
when the circuit is first closed and the resistance unit on the rear 
end of the coil is cold. The current at this time is approximately 
6 amperes, but soon decreases to approximately 3J/2 amperes. Then 
as the engine is ninning it further decreases until at 1,000 revolu- 
tions of the engine it is approximately 1 ampere. 
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This motoring of the generator is necessary in older that the 
starting gears may be brought into mesh, and sliould trouble be 
experienced m meshing these gears, do not try tO force them, simply 
allow the starting pedal to come back, giving the gears time to 
change their relative position. 

Generator Clutch. — A clicking sound will be heard during the 
motoring of the generator. This is caused by the overrunning of 
the eluteh in the forward end of the generator which is shown in 
view 1, Pig. 303A. 

The juirpose of the generator clutch is to allow the armature to 
revolve at a higher speed than the pump shaft during the cranking 
o])eration and permitting the pump shaft to drive the armature 
when the engine is running on its own j/ower. A sjiiral gear is cut 
on tlie outer face of this clutch for driving the distributor. This 
portion of the clutch is connected by an Oldham coupling to the 
pump shaft. Therefore, its relation to the pump shaft is always 
the same and docs not throw the ignition out of time during the 
cranking operation. This eluteh receives lubrication from the oil 
that IS contained m the front end of the generator which is put in 
at B (view 1). This is to receive oil each week sufficient to bring 
the oil up to the 1 (‘yc 1 of the oiler. The arrangement of yj»ntch parts 
IS shown at Pig. 303B. 

Cranking Operation. — The cranking operation takes place when 
the starting pedal is fully depressed. The starting pedal brings tbe 
motor clutch gears (view 1) into mesh and withdraws the pin P, 
(mows 1 and 2) allowing the motor brush switch to make contact 
on the motor commutator. At the same time the generator switch 
breaks contact. This cuts out the generator element during the 
cranking operation. As soon as the motor brush makes contact on 
the commutator a heavy current from the storage battery flows 
through the series field winding and the motor winding on the 
armature. This rotates the armature and performs the cranking 
operation. The cranking circuit is shown in the heavy lines on the 
circuit diagram (Pig. 303J). This cranking operation requires a 
heavy current from the storage battery, and if the lights are on 
during the cranking operation, the heavy discharge from the bat-, 
tery causes the voltage of the battery to decrease enough to cause 
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the lights to grow dim. This is noticed especially when the battery 
is nearly discharged ; also will be more apparent with a stiff motor 
or with a loose or poor connection in the battery circuit or a nearly 
discharged battery. It is on account of this heavy discharge current 
that the cranking should not be continued any longer than is neces- 
sary, although a fully charged battery will crank the engine for 
several minutes. 

During the cranking operation the ammeter will show a dis- 
charge. This IS the current that is used both in the shunt field 



Fig. 303B. — Generator Driving Clutch Only Transmits Power When 
Engine Speed is Greater Than Armature Speed. 


winding and the ignition current , the ignition current being an 
intermittent current of comparatively low frequency will cause the 
ammeter to vibrate during the cranking operation. If the lights 
are on the meter will show a heavier discharge. The main cranking 
current is not conducted through the ammeter, as this is a very 
heavy current and it would be impossible to conduct this heavy cur- 
rent through the ammeter and still have an ammeter that is sensitive 
enough to indicate accurately the charging current and the current 
for bghts and ignition. As soon as the engine fires the starting 
pedal should be released immediately, as the overrunning motor 
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clutch IS operating from the time the engine fires until the starting 
gears are out of mesh. Since they operate at a very high speed, if 
they are held in mesli for any length of time, tiure is enough friction 
in this clutch to cause it to heat ami burn out the lubricant. There 
is no necessity for holding the gears in mesh. 

Motor Clutch. — The motor clutch operates lietween the flywheel 
and the armature pinion for the pur])ose of getting a suitable gear 
reduction between the motor generator and the flywheel. It also 
prevents the armature from being driven at an excessively liigh 
speed during the short time the gears are meshed after the engine 
is running'on its own power. This cup is lubricated hy the grease 
cup A, shown in view 1, Fig. d03A. This forces grease through the 
hollow shaft to the inside of the clutch This cup should be given 
a turn or two every week. 

Generating Electrical Energy. — When the cranking operation 
is finished the motor brush switch is raised off tlie commutator by 
the pm P when the starting pedal is released. This throws the 
starting motor out of action. As the motor brush is raised off the 
commutator the generator switch makes contact and completes the 
charging circuit. The armature is then driven by the extension of 
the pump shaft and the charging begins. At speeds abci^'e approxi- 
mately 7 miles per hour the generator voltage is higher than the 
voltage of the storage battery which causes current to flow from 
the generator winding through the armature in the charge direction 
to the storage battery. As the speed increases up to approximately 
20 miles per hour this charging current increases, but at the higher 
speeds the charging current decreases. The curve, Fig. 303C, shows 
approximately the charging current that should be received for 
diffenmt speeds of the ear. There will be slight variations from 
this due to temperature changes and conditions of the battery which 
will amount to as much as from 2 to 3 amperes. The regulation of 
the generator is explained in section 2. 

Lubrication. — There are five places to lubricate this Delco Sys- 
tem. No. 1 — Tlie grease cup for lubricating the motor clutch (D, 
view 1, Fig. 303A). No. 2 — Oiler for lubricating the generator 
clutch and forward armature bearing (B). No. 3 — The oil hole 
(C) for lubricating the bearings on the rear of the armature shaft 
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rig, 303C. — Curves Showing Output of Delco Gienerator Number 68 at Various Engine Speeds. 
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This is exposed when the rear end cover is removed. This should 
receive oil once a week. No. 4 — The oil hole in the distributor, at 
A, for lubricating the top bearing of the distributor shaft. This 
should receive oil once a week. No. 5 — This is the inside of the 
distributor head. This should be lubricat^'d with a small amount 
of vaseline, carefully applied tw^o or three times during the first 
2,000 miles running of the car, after which it will require no atten- 
tion. This is to secure a burnished track for the rotor brush on 
the distributor head. This grease should be sparingly applied and 
the head wiped clean from dust and dirt. 

Method of Current Output Regulation. — The voltage regulator 
which has been previously described and which was used on the 
1914 and 1915 Delco Systems has been replaced by a system of 
‘Hhird brush excitation’^ in the 1916 systems. This has been very 
concisely described by the Delco engineers, and in order tu make 
for accurate presentation of fact, the following descriptive matter 
is given in the same way as it appears in the Delco instruction books. 

There is really only one point in regard to the generating of 
electrical energy which is difficult to understand, and the best of 
scientists are at as much of a loss on this point as the average elec- 
trician. This one point can be expressed in the one sentence which 
is as follows: ^‘AVhenever the strength of the magnetic field or the 
amount of magnetism within a coil is changed an electro-motive 
force is induced or generated.” This is variously expressed, but 
can be resolved into the same sentence as originally given. One of 
the most common expressions is, ‘‘AVhenever an electrical conductor 
cuts the magnetic field or cuts magnetic lines of force an electro- 
motive force is induced.” In order to measure this electro-motive 
force, it is necessary to make connection from each end of the con- 
ductor to a suitable meter, by doing this a coil would be formed. 
Therefore, this expression means nothing different from the original 
expression. On account of being more readily understood, this 
expression will be referred to in connection with the explanation of 
the action of the generator. 

The amount of the voltage that is induced (or generated) in any 
conductor or coil varies directly wutli the rate of the cutting of the 
magnetic lines ; c.pr., if we have a generator in which the magnetic 
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field remains constant and the generator 2 >rodnces 7 volts at 400 
R. P. M., the voltage at 800 R. P. M. would be 14 volts, and it is on 
account of the variable speed of generators for automobile purposes 
that th'^y must be equipped witJi some means of regulation for 
holding the Mjltage very nearly constant. The regulation of this 
generator is by what is known as third brusJi excitation, tlie theory 
of which is as follows : 

The motor generator consists essentially of an iron frame and a 
field coil with two windings for magnetizing this frame. The arma- 
ture, which is the revolving element, has wound in slots on its iron 
core a motor winding and a generator winding connected to corre- 
sponding commutators. Each commutator has a corresponding set 
of brushes which are for the purpose of collecting current from, 
or delivering current to the armature windings while the armature 
is revolving. 

"WTien cranking, current from the storage battery flows through 
the motor winding magnetizing the armature core. This acting 
upon the magnetism of the frame causes the turning effort. When 
generating the voltage is induced in the generator winding and 
when the circuit is completed to the storage battery this causes the 
charging current to flow into the batter;>^ The brushes are located 
on the commutator in such a position that they collect the current 
while it is being generated in one direction. (The current flows one 
direction in a given coil wdiile it is passing under one pole ])iece 
and in the other direction when passing under the opposite pole 
piece.) When the ignition button on the combination switch is first 
pulled out the current flow^s from the storage battery through the 
generator armature winding, also through the shunt field winding 
This causes the motoring of the generator. After the engine is 
started and is running on its own pow^r this current still has a 
tendency to flow^ in this direction, but is opposed by the voltage 
generated. At very low^ speeds a slight discharge is obtained. 
At approximately 7 miles per hour the generated voltage exceeds 
that of the battery and charging commences. As the speed increases 
above this point the charging rate increases as shown by the curve 
(Fig. 303C). The regulation of this generator is effected by what 
is known as third brush excitation. 
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Since the magnetic field of the generator is produced by the 
current in the shunt field winding it is evident that should the 
shunt field current decrease as the speed of the engine increases 
the regulation would be affected. In order to fully understand this 
(explanation it must be borne in mind that a cur^^ent of electricity 
always has a magnetic effect whether this is desirable or not. Re- 
ferring to Fig. 303D, the theory of this regulation is as follows: 
The full voltage of tlie generator is obtained from the large brushes 
marked^^C^’and^^D.’’ 

AY h e n the magnetic 
field from the pole 
pieces N and S is not 
disturbed by any other 
influence each coil is 
geiK^rating uniformly 
as it passes under the 
])ole pieces. The volt- 
age from one commu- 
tator bar to the next 
one is practically uni- 
form around the com- 
mutator. Therefore, 

(he voltage from brush 
C to brush E is about 
5 volts when the total 
voltage from brush C to brush D is 6^4 volts and 5 volts is applied 
to the shunt field winding. This 5 Aolts is sufficient to cause ap- 
proximately Vyi amperes to flow in the shunt field winding. 

As the speed of the generator is increased the voltage increases, 
causing the current to be charged to the storage battery. This 
(‘barging current flows through the armature winding, producing 
a magnetic effect in the direction of the arrow B. This magnetic 
(‘ffect acts upon the main magnetic field which is in the direction 
of the arrow A with the result that the magnetic field is twisted 
out of its original position in very much the same manner as two 
streams of water coming together are each deflected from their 
original directions. This deflection causes the magnetic field to be 
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Fig. 303D — Diagram lUustrating Fimction of 
Third Brush In Eegulating Delco Gener- 
ator Output. 
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stroHg at the pole tips, marked G and F, and weak at the opposite 
pole tips with the result that the coils generate a very low voltage 
while passing from the brush C to the brush E (the coils at tliis 
time are under the pole tips having a weak field) and generates a 
greater part of their voltage while passing from the brush E to D. 
The amount of this variation depends upon the speed that the 
generator is driven; with the result that the shunt field current 
decreases as the speed increases as shown in the curve. 

By this form of regulation it is possible to get a liigh charging 
rate between the speeds of 12 and 25 miles per hour, and it is vdth 
drivers w^hose average driving speed comes between tliese limits 
that more trouble is experienced in keeping the battery charged. 
At the higher speeds the charging current is decreased. The driver 
who drives his ear at the higher speeds requires less current, as expe- 
rience has taught that this type of driver makes few^er stops in 
proportion to the amount the car is driven than the slower driver. 
The output of these generators can be increased or decreased by 
changing the position of the regulating brush. Eacli time the posi- 
tion of the brush is changed it is necessary to sandpaper the brush 
so that it fits the commutator. Otherwise the charging rate will be 
very low due to the poor contact of the brush. This should not be 
attempted by any one except competent mechanics, and this charg- 
ing current should be carefully checked and in no case should the 
maximum current on this generator exceed 22 amperes. Also 
careful watch should be kept on any machine on wlncli the charging 
rate has been increased to see that the commutator is not being 
overloaded. Considerable variation in the output of different gen- 
erators will be obtained from the curv^ shovm, as the output of the 
generator is affected by temperature and battery conditions. 

Condenser. — The condenser consists of two long strips of folded 
tinfoil insulated from each other by paraffined or oiled paper, and 
connected as shown in Fig. 303E. The condenser has the property 
of being able to hold a certain quantity of electrical energy, and 
like the storage battery, will discharge this energy if there is any 
circuit between its terminal. As the distributor contacts open the 
magnetism commences to die out of the iron core, this induces a 
voltage in both the primary and secondary windings of the coil. 
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This induced voltage in the primaiy winding amounts to from lOO 
to 125 volts. This charges the condenser which immediately dis- 
charges itself through the primary winding of the coil in the reverse 
direction from which the ignition current originally flows. This 
discharge of the condenser causes the iron core of the coil to be 
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Fig. 303E. — Diagram Showing Internal Wiring of Delco Ignition OoiL 


quickly demagnetized and remagnetized in the reverse direction, 
with the result that the change of magnetism within the secondary 
winding is very rapid, thus producing a high voltage in the second- 
ary winding which is necessary for ignition purposes. In addition 
to rapidly demagnetizing the coil the condenser prevents sparking 
at the breaker contacts — thus it is evident that the action of the 
condenser can very seriously affect the amount of the spark from 
the secondary winding and the amount of sparking obtained at the 
timer contacts. 

Ignition Coil. — This is sometimes mounted on top of the motor 
generator and is what is generally known as the ignition trans- 
former coil. In addition to being a plain transformer coil it has 
incorporated in it a condenser (which is necessary for all high 
tension ignition systems) and has included on the rear end an 
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ignition resistance unit. The coil proper consists o£ a round core of 
a number of small iron wires. Wound around this and insulated 
from it is the primary winding. The circuit and arrangement of 
the different parts are shown in Pig. 303E. The primary current 
is supplied through the combination switch and resistance on the 
coil, through the primary winding, to the distributor contacts. This 
is very plainly shown on the circuit diagram, Fig. 303J. It is the 
interrupting of this primary current by the timer contacts together 
with the action of the condenser which causes a rapid demagnetiza- 
tion of tlie iron core of the coil that induces the high tension current 
in the secondary winding. This secondary winding consists of sev- 
eral thousand turns of very fine copper wire, the different layers of 
which are well insulated from each other and from the primary 
winding, one end of which terminates at the high tension terminal 
about midway on top of the coil. It is from this terminal that the 
high tension current is conducted to the distributor w^here it is dis- 
tributed to the proper cylinders by the rotor showm in Fig. 30311. 

Ignition Eesistance Unit. — The ignition resistance unit wdiich 
is shown in Fig. 303E is for the purpose of obtaining a more 
nearly uniform current through the primary winding of the igni- 
tion coil at the time the distributor contacts open. It consists of 
a number of turns of iron wire, the resistance of which is consider- 
ably more than the resistance of the primary winding of the ignition 
coil. If the ignition resistance unit was not in the circuit and the 
coil was so constructed as to give the proper spark at high speeds, 
the primary current at low speeds would be several times its normal 
value with serious results to the timer contacts. This is evident 
from the fact that tlie primary current is limited by the resistance 
of the coil and resistance unit by the impedence of the coil. (Im- 
pedence is the choking effect which opposes any alternating or pul- 
sating current magnetizing the iron core ) The impedence increases 
as the speed of the pulsations increase. At low speeds the resistance 
of the unit increases, due to the slight increases of current heating 
the resistance wire. 

The Circuit Breaker. — The circuit lireaker is inoiinlc'd on the 
combination switch as shown in Fig. 303F. This is a protective 
device which takes the place of a fuse block and fuses It prevents 
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the discharging of the battery or damage to the switcn or wiring 
to the lamps, in the event of any of the wires leading to these 
becoming grounded. As long as the lamps are using the normal 
amount of current the circuit breaker is not atfected. But in the 
event of any of the wires becoming grounded an abnormally heavy 



Fig. S03F. — ^ViewB of Delco Combination Switch With Indicating Am- 
peremeter Combined. 


current is conducted through the circuit breaker, thus producing a 
strong magnetism which attracts the pole piece and opens the con- 
tacts. This cuts off the flow of current which allows the contacts 
to close again and the operation is repeated, causing the circuit 
breaker to pass an intermittent current and give forth a vibrating 
sound. It requires 25 amperes to start the circuit breaker vibrating, 
but once vibrating a current of three to five amperes will cause 
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it to continue to operate. In case the circuit breaker vibrates re- 
peatedly, do not attempt to increase the tension of the spring, as 
the vibration is an indication of a ground in the system. Remove 
the ground and the vibration will stop. 

The Ammeter. — The ammeter on the right side of the combina- 
tion switch is to indicate the current that is going to or coming 


M a UIOHTS 



Pig. 303G. — View of Delco Combination Switch and Circuit Diagram 

for Same. 

from the storage battery, with the exception of the cranking current. 
When the engine is not running and current is being used for lights, 
the ammeter shows the amount of current that is being used and the 
ammeter hand points to the discharge side, as the current is being 
discharged from the battery. When the engine is running above 
generating speeds and no current is being used for lights or horn, 
the ammeter will show charge. This is the amount of current that 
is being charged into the battery. If current is being used for 
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lights, ignition and horn in excess of the amount that is being gen- 
erated, the ammeter will show a discharge as the excess current 
must be discharged from tlie battery, but at all ordmar^^ speeds the 
ammeter will read charge. The charging rate for different car 
speeds when no current is being used for lights or horn, is given 
in the curve. Fig. 303C. 

Construction of Delco Ignition Distributor. — It is well under- 
stood that a rich mixture burns quicker than a lean one. For this 
reason the engine will 
stand more advance 
with a half open throt- 
tle than wuth a wide 
open throttle, and in 
order to secure the 
proper timing of the 
Ignition due to these 
variations and to re- 
tard the spark for 
starting, idling and 
carburetor adjusting, 
the Delco distributor 
also has a manual con- 
trol. The automatic 
feature of this distribu- 
tor is showm in Fig. 

303II. With the spark 
lever set at the running 
l>osition on the steer- 
ing wheel (which is 
nearly all the way 
down on the quad- 
rant), the automatic 
f e a t u r e gives the 
])roper spark for all 
p e e d s excepting a 
wide open throttle at low speeds, at which time the spark lever 
‘Should be slightly retarded. When the ignition is too far ad- 



Fig. 303H. — Showing Construction of 1916 
Delco Distributor for Six Cylinder Igni- 
tion. Note Six IiObe Cam. 
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Fig 3031. ^Arrangement of Wiring of Delco-Oakland Starting, lagbting and Ignition System. 
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vanced it causes loss of power and a knocking sound within the 
engine. With too late a spark there is a loss of power (which is 
usually not noticed excepting by an experienced driver or one very 
familiar with the car), and heating of the engine and excessive 
consumption of fuel is tiie result. The timer contacts shown at 
D and C (Fig. 303II) are two of the most important points of 
an automobile. Very little attention will keep these in perfect con- 
dition. These are tungsten metal, which is extremely hard and 
requires a very high temperature to melt. Under normal condi- 
tions they wear or burn very slightly and wall very seldom require 
attention; but in the event of abnormal voltage, such as would be 
obtained by running with the battery removed, or with the ignition 
resistance unit shorted out, or with a defective condenser, these con- 
tacts burn very rapidly and in a short time wall cause serious igni- 
tion trouble. The car should not be operated wuth the battery 
removed. 

It is a very easy matter to check the resistance unit by observing 
its heating when the ignitiop button is out and the contacts in the 
distributor are closed. If it is shorted out it will not heat up, and 
will cause missing at low speeds. A defective condenser such as 
will cause contact trouble will cause serious missing of the ignition. 
Therefore, any one of these troubles are comparatively easy to 
locate and should be immediately remedied. These contacts should 
be so adjusted that v^ien the fiber block B is on top of one of the 
lobes of the cam the contacts are opened the thickness of the gauge 
on the distributor wrench. Adjust contacts by turning contact 
screw C and lock with nut N. The contacts should be dressed with 
fine emery cloth so that they meet squarely across the entire face. 
The rotor distributes the high tension current from the center of 
the distributor to the proper cylinder. Care must be taken to see 
that the distributor head is properly located, otherwise the rotor 
brush will not be in contact with the terminal at the time the spark 
occurs. 

Combination Switch. — The combination switch is located on the 
cowl board and makes the necessary connections for ignition and 
lights. The ‘‘M'' button controls the magneto type ignition and 
the button, the dry battery ignition. In addition to this both 
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Tig 303J— Circuit Diagram of Delco-Oakland Starting, Lighting and Ignition System 
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the and buttons control the circuit betv een the generator 
and storage battery. When the circuit between the generator and 
the storage battery is closed by either the or button 

on the combination switch, the direction of flow of the current is 
from the battery to the generator when the engine is not running, 
as well as when it is running below 300 R. P. M. But the amount 
of current that flows from the battery at the lowest possible engine 
speeds is so small that it is negligible. That used on Buick 1915 
cars is shown at Pig. 303G, the type supplied on 1916 cars is out- 
lined at Pig. 303P. 

To Time the Ignition. — 1. Pully retard the spark lever. 2. 
Turn the engine to mark on flywheel about one inch past dead 
center to the ^'7 degree’’ line, with No. 1 cylinder on the firing 
stroke. 3. Loosen screw in conter of timing mechanism and locate 
the proper lobe of the cam by turning until the button on the rotor 
comes under the high tension terminal for No. 1 cylinder. 4. Set 
this lobe of the cam so that wdien the back lash in the distributor 
gears is rocked forward tlie timing contacts will be open, and wdien 
1lie liack lash is rocked backward the contacts WILL JUST CLOSE. 
Tighten screw and replace rotor and distributor head. 

Hints for Locating Trouble. — 1. If starter, liglits and horn all 
hill, the trouble is in the storage battery or its connections, such 
as a loose or corroded connection or a broken battery jar. 2. If the 
lights, horn and ignition are all O. K., but the starter fails to crank, 
the trouble is in the motor generator, such as dirt or grease on the 
motor commutator, or the motor brmsh not dropping on the com> 
mutator. 3. If the starter fails to crank or cranks very slowly, and 
the lights go out or get very dim while cranking, it indicates a 
loose or corroded connection on the storage battery, or a nearly 
dojileted storage battery. 4. If the motor fires properly on the 
''M” button, but not on the '‘B” button, the trouble must be in 
the wuring between the dry cells or the wires leading from the dry 
<‘ells to the combination swdtch, or depleted dry cells. If the igni- 
tion works 0. K. on the '*B” button and not on the ‘"M” button, 
the trouble must be in the leads running from the storage battery 
to the motor generator, or the lead running from the rear terminal 
on the generator to the combination switch, or in the storage battery 
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rig. 303BL — Circuit Diagram of 1915 Delco-Buick Starting, Lighting and Ignition System. 
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itself, or its connection to the frame of the car. 5, If both systenB 
of ignition fail, and the supply of current from both the storage 
battery and dry cells is O. K., the trouble must be in the coil, 
resistance unit, timer contacts or condenser. This is apparent from 
the fact that these work in the same capacity for each system of 
Ignition. 

Never run the ear with the storage battery disconnected, or 
while it is off the car. Very serious damage to the motor-generator 
may result from such action. 

Never remove any electrical apparatus from the car or make 
any adjustments without first disconnecting the storage battery. 
This can be done most conveniently by removing the ground con- 
nection. Remember, a loose, corroded or dirty connection on the 
battery can put both starting and lighting systems out of commis- 
sion. 

Bijnr-Packard System. — The self-starting and lighting system, 
Fig. 302, used on the Packard, is manufactured by the Bijur Mo- 
tor Lighting Co. In this system the starting motor and generator 
are separate units. The starting circuit is simple, consisting of a 
motor connected directly to the battery and operated by closing a 
starting switch. 

In the generator circuit the principal parts are : The generator ; 
an automatic switch for breaking the circuit when the speed of the 
generator becomes so low that the battery current would discharge 
through it, and a voltage regulator of the vibrator type. A study 
of the wiring diagram shows that the automatic switch has two 
coils, a voltage coil of high resistance connected across the wires 
leading to the battery and a current coil in series with the genera- 
tor and battery. The action of this coil is such that as the arma- 
ture speed increases and the voltage becomes greater, the magnet- 
ism generated in this coil attracts a small steel arm, thus completing 
circuit between the battery and the generator. Current then flows 
to the battery and lights. 

On the other hand, as the speed of the generator decreases, its 
voltage becomes less and finally a point is reached where the cur- 
rent begins to flow back into the generator. This reversal of flow 
produces a magnetic field in the series coil of the cutout whiek 
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opposes the field produced by the voltage coil, until finally the at- 
traction of the latter for the steel arm that completes the circuit is 
entirely overcome and then the arm, impelled by a spring, breaks 
contact. 

The voltage regulator operates on the vibrator principle, and is 
designed so that when the voltage becomes higher than the predeter- 
mined amount the vibrator throws a resistance into circuit that re- 
duces the amount of current flowing through the field. This di- 
minishes the voltage. When the voltage becomes too low, the vibra- 
tor flies back again and allows full current to pass through the field 
once more. The movement of this vibrator is extremely rapid, 
making about 150 oscillations per second, so that in actual prac- 
tice, no change in voltage, in one direction or the other, is noticeable. 

Now looking at the diagram, it is seen that this regulator con- 
sists of ^ vibrating arm which is actuated by an electro-magnet con- 
nected across the mains running from the generator. When this 
arm is not attracted by the magnet, full field current is allowed to 
flow through wire A from one generator lead up through the shunt 
field to the other lead of the generator, thus full field strength is 
obtained and a rising voltage is generated, which finally causes the 
magnet coil to pull this arm out of contact, thus breaking the cir- 
cuit. When this occurs, the current must flow to the field through 
the resistance B, and this resistance reduces the flow of the current 
and weakens the field so that the generated voltage drops. This 
reduction in voltage causes a smaller current to flow through the 
magnet winding and then the attraction of the magnet weakens, 
allowing the arm to fly back, thus enabling full current to flow^ 
through the field again. This cycle is repeated 150 times a second. 
Special provision has been made so that the contact points on the 
regulator wdll not burn away. 

There is nothing unusual in the wiring, w^hich may be easily 
followed from the diagram. 

Hartford Starting System. — The wiring diagram at Fig. 304 
shows clearly the method of connecting the various appliances 
forming part of the Hartford starting and lighting system. This 
is a 12 volt, two wire starting system, with a connection so the 
lamps receive their current from the battery on the three wire sys- 
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tern. The two terminals of the generator are connected to the stor- 
age battery in the usual way, one directly to a terminal, the other 
through the automatic cutout. When the knife switch is closed, the 
battery current flows through the motor windings and turns the 
engine crankshaft. The connections are so clearly shown that 
further description is unnecessary. The speed of the generator 
armature is governed by the centrifugal governor, which is de- 
signed to keep it at 1200 revolutions per minute. The lighting 
switch is of the selective barrel type, having three positions of the 
liandle, one of which will give the head and rear lamps, the inter- 
mediate position lighting the side and rear, while the last position 
sends the current through all the lamps. This switch is not shown 
in the diagram. 



Fig. 304. — Wiring Diagram of Hartford 12 Volt Starting System, Having 
Three-Wire Method of Supplying Current to 6 Volt Lamps. 

The Auto-Lite System. — The 1915 Overland cars use the Auto- 
Lite system, which is shown at Fig. 305, A. This is a six volt, three 
unit system, operating on the one wire principle. The ignition 
function is performed by an entirely distinct appliance from the 
starting and lighting systems, namely, a high tension magneto. 
Five wires run from this magneto, four of these running the spark 
plugs, one for interrupting the ignition through a fuse box to the 
controlling switch. The generator is driven from the motor crank- 
shaft by a silent chain. The starting motor, which has the switch 
mounted integrally, turns the engine crankshaft through a gear cut 
on the flywheel rim. One of the wires of the generator is grounded, 
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Fig. 306. — Camplete Wiring Diagram of Starting and Lighting System 
Used on 1916 Overland Automobiles at A, Part Sectional View of 
Storage Battery at B, Design of Circuit Breaker Shown at C, Bx- 
temal View of Generator at D, and Starting Motor Construction 
at B. 
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the remaining wire leading from that device runs through the cir- 
cuit breaker and from that member through the fuse box and 
switch to the storage battery. Two wires run from the six volt 
battery, one of these terminating on a switch terminal of the start- 
ing motor while the other attaches to one of the motor terminals. 
The remaining motor terminal is grounded. The various appli- 
ances comprising this system are all clearly shown, and the wiring 
may be easily traced from the various units through the fuse box 
and switch by careful study of the diagram. In order to simplify 
wiring, the wires going to the ‘switch are all colored differently. 
This insures that they will be replaced on the proper terminals if 
removed. 

The storage battery used with this system is shown at Fig. 305, 
B. It is a special form, in which the three cells are placed end to 
end instead of side by side, making a long, narrow battery instead 
of the usual construction, which is approximately square. The con- 
struction of the circuit breaker is shown at C, the contact points, 
which are the only parts needing attention, being clearly outlined. 
The generator, which is a very simple device, is shown at B, the 
points requiring lubrication, and the removable plates for inspec- 
tioii of the brushes are clearly depicted. The starting motor is 
showTi at E, the pinion which engages the gear on the flywheel is 
shown mounted on the armature shaft, and the cover, which nor- 
mally covers the brush end of the motor, is removed in order to 
show the method of reaching the motor brushes when these members 
need attention. 

Gray & Davis System. — The starting and lighting equipment 
used on the Model 79, 1914 Overland, is the Gray & Davis system, 
shown at Pig. 306, and comprises three principal units: 

a — The generator which produces the current and delivers it to 
the lamps and storage battery. 

— The storage battery which accumulates the current thus gen- 
erated and delivers it to the lighting system or the starting motor, 
as occasion demands. 

c — The starting motor, which receives current from the storage 
battery and revolves the engine whenever it is to be set in motion. 




rig. 306.— Wiring Diagram of Overland Gray & Davis Two Unit Starting and IngMing System. 
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Besides these tliree principal units the system includes the fol- 
lowing auxiliary apparatus * 

d — An automatic cutout, whose function is to disconnect the 
generator from the storage battery when the engine is stopped or 
running below the speed at which the generator’s voltage is high 
enough to charge the battery. The cutout is located on the engine 
side of the dasJi. 

e — The starting switch, which is a pedal -button located in the 
floor board of the car cornenient to the foot of the operator. 

f — The ammeter, whose purpose is to show whether the system 
IS working projierly or not. When the dynamo is running and 
sending current to the storagi^ battery the ammeter hand will point 
to the right of zero or at '‘charge " Wlien the lights are burning 
or the starter mot(m is running, this liaiid will point to the left of 
zero or at “discharge/’ thus indicating the rate at which current 
is going out of tiie storage battery. 

The speed of the generator is controlled hy an automatic clutch 
that is so designed that, no matter how fast the engine runs, the 
generator will not be driven faster than a certain predetermined 
speed which corresponds to that at vhich the engine runs when 
driving the car at 12 miles per hour on high gear, but, of course, if 
the engine drops below this speed the generator will also. This is 
done by means of a centrifugal governor vhich regulates the slip- 
page of the clutch so that the generator cannot be driven ^?fcr 
than the jiredetermined speed, the greater the speed of tlie engine 
the more the clutch slips. 

The current load is automatically taken care of by a compound 
winding on the generator. The starting motor is a series wound 
machine, that is, the entire armature current passes through the 
field. The motor is provided with an over-running clutch, which 
allows it to drive the engine but automatically disengages when 
the engine starts so that the engine will not drive the motor. If 
such a device were not fitted the generator might be injured by the 
motor driving it at too high a speed. 

As already explained, the function of the automatic cutout is 
to disconnect the generator from the battery when the engine is 
stopped or turning so slowly that its voltage is below that of the 
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battery. If this cutout were not provided the storage battery would 
discharge back into the generator. * 

The cutout consists of an electro-magnet with two windings.; 

\ 

One is a 6hunt winding of many turns of fine wire and the other 
a series winding of a few turns of heavy wire, both windings being 
over a soft iron core. The shunt winding is permanently connected 
across the positive and negative terminals of the generator, so that ^ 
when the generator comes up to charging speed, this winding ener-: 
gizes the magnet core and the magnet core attracts a steel arm that, 
closes the circuit between the generator and the battery. 

So long as the cutout points are closed the current must pass 
through the series winding of the cutout. This current adds itsv, 
magnetizing influence to that of the shunt winding and holds the^ 
points together. The cutout is designed so that it closes at a car-"^ 
speed of 12 miles per hour and opens at 10. 

If, now, the speed of the generator drops below" charging speed,, 
the current begins to flow through the cutout series winding in the^ 
reverse direction. This weakens the pull and allows the points to 
fly apart, through the agency of a spring. 

Now that a general idea of the different parts of the Gray 
Davis system has been obtained, the path of the current in the dif- 
ferent wires will be explained. The illustration shows this sys- 
tem with a very complete equipment. Besides the usual head, side 
and^tail lights, there are pillar lights, dome lights, a speedometer 
light and an electric horn connection. It will be noticed that the^ 
return circuits are through the frame with the exception of the 
connections between the storage battery and the starting motor. 

First we will trace out the flow of current when the starting 
switch is closed, this circuit being shown by the heavy black lines. 
Current flows from the plus terminal of the storage battery out^ 
through wire A to the motor, where it passes through the series 
field and the armature and from thence through the wire T to the 
starting switch and from there through the wire C to the negative 
pole of the battery. 

Below 9 or 10 miles an hour or when the motor is at rest the 
cutout is open and therefore current for the lights must be fur- 
nished by the battery, and its path is as follows : It runs out through 
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wire A to one terminal of the starting motor, where it goes to the 
frame through the ground wire Z. From thence it runs to the 
lamps. From the lamps the current passes to the junction switch, 
where all the lamp terminals are connected to the terminal P, and 
from here the current flows through the series f eld of the genera- 
tor and on out through wire F to a terminal on the cutout, and 
from thence to the ammeter over the short wire E. From the am- 
meter it goes via wire D to a binding post on the starting switch, 
from which it connects ^\ith the other pole of the battery by wire 
C. At or over 12 miles per hour the cutout contact points are closed 
as previously described. Current is then suppLed to the storage 
battery if it needs charging and also to any of the lamps that are in 
circuit. 

If the battery needs recharging it is of course below the voltage 
of the generator and therefore current will flow to it until its volt- 
age becomes equal to that of the generator, when the flow will auto- 
matically stop because the electrical pressure at the two points is 
the same. The current passes from the positive terminal of the 
generator through wire G to the series coil of the cutout and from 
thence through wire Y to the frame. It flows through the frame 
up through wire Z to one terminal on the motor and from thence 
through wire A to the plus pole of the battery. The return circuit 
is through wires C and D to the ammeter and from thence through 
wires E and F back to the generator. The flow of current from the 
generator to the lamps is as follows : Through wire G and the series 
coil of the cutout and wire Y to the frame. This part of the cir- 
cuit is identical with that for charging the storage battery. Then 
\ the current goes through the frame and up through the ground 
wires to the lamps, from whence it passes to the terminals on the 
junction switch and on through wire P to the generator. It will 
be noted that the generator and battery circuits to the lamps are 
independent, so that should anything happen to the battery, the 
lights could be operated by the generator alone. Diagrams of Gray 
& Davis 1915 systems will be found on folding plate, Fig. 307, in 
both non-technical and technical form. 

A number of parts comprising the 1915 Gray & Davis starting 
system is shown at Figs. 308 and 309. The construction of the 
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Fig, 308. — ^Starting Motor and Switch Details Used in 1916 
Gray & Davas Starting System. 
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type Y motor used in connection with engines of the open flywheel 
type is clearly shown in the part sectional view at the top of the 
illustration. As the Gray & Davis systems may be had in either 
the one wire or two wire type, two form>s of switch are provided. 
One of these, which is shown at B, Fig. 308, is used in <i tv^o wire 
system and has lioth terminals insulated. This must be wired up as 
sliown at E. Tlie heavy leads from tlie storage battery are con- 
nected as indicated One of the storage battery terminals is eon- 
lU'ctcd to the terminal on the starting motor, while the other start- 
ing motor terminal wire goes to one of the insulated swdteh termi- 
nals. Tile other insulated switch terminal is connected directly to 
the remaining storage battery terminal. AYhen used in connection 
with the one wire system the starting switch has om^ lerminal 
grouiKh‘d, as shown at C. 

The approved arrangement of the starting switch is as depicted 
at the toj) of the illustration, in whicli the contact is not estalv 
lishc^d untd tlie sliding ])inion has been meslied witli tlu' g(\ir of 
tlie flywdieel. Tlie construction of the oveiTunning clntcli used with 
the Gray & Davis system is shown at D. This functions tlie same 
as the overrunning clutch previously described, tlie dri\e being se- 
cured betwa*en the memlier 4, wdiich is keyt^d to tlie intermediate 
shaft, and the reduction gear 2, whicii is turned by the motor pin- 
ion 1 through the medium of the clutch rolls 3. Light coil springs 
are employed to push jilungers, designed to make more positive the 
engagement of the rolls of the overrunning clutch. 

The fuse block, wdiich is an important adjunct of the one ware 
system, is combined at the rear of the lighting swdtch, as showm at 
A, Fig. 309. The function of the fuse is to burn out should an 
overload occur in any circuit due to damaged insulation. The 
fuses are readily renew^able, these being siiowm at D. The fuse con- 
sists of a glass tube, wdnch contains a piece of fusible alloy wdre 
that joins tw’O metal eai>s, these caps being used to establish con- 
tact wdth the clips on the sides of the connectors at the back of the 
swdtch. The fuses should be handled carefully, and in removing 
same for examination it is w’ell to do this wuth a sharp piece of 
wood, w^hich is used as a pry back of the fuse instead of attempting 
to remove them wuth pliers or a screwdriver, which may break the 
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Tig. 309. — Generator and Battery Construction Used in Gray 8c Davis 
1915 Xjighting and Starting System. 






681 


Gray ^ Davis Systems 

glass or otherwise damage the fuse. An important adjunct to assist 
in locating trouble is a six volt lamp, such as shown at C. This is 
of material assistance in tracing circuits. 

The latest form of Gray & Davis dynamo, wiiich dispenses with 
the centrifugal governor used on the other types illustrated, is 
shown at D, supplied for direct drive by an extension of the timing 
gear shaft and for chain drive at E. The dynamo showm at D 
is provided with gearing to drive a timer distributor for ignition 
purposes. The current supply is governed by the regulator cut- 
out, which performs two duties in the new systems. One of these 
is to regulate the dynamo to secure uniform current output, while 
in the other instance it connects the dynamo into the system only 
when sufficient current is generated to charge the battery. Cur- 
rent regulation is provided by short circuiting or shunting field re- 
sistances or to' insert the field resistances into the field circuit. The 
object of the field resistance is to retard die flow of current in those 
windings. When the dynamo is at rest the cutout points are opened 
and the regulator points closed. As the dynamo first speeds up the 
regulator points remain closed and the field resistance is short cir- 
cuited. This permits the dynamo to build up its full field strength. 
When the proper voltage is reached the cutout points close, permit- 
ting current to flow through the series winding to the system. As 
the dynamo speed increases beyond that necessary for full output, 
the pull of the shunt winding attracts the regulator armature. 
This reduces the pressure at the regulator points and inserts a re- 
sistance into the field circuit, this preventing further increase of 
output. The frequency with which the resistance is put into the 
circuit is in proportion with the amount of speed variation. The 
form of battery used with the Gray & Davis system is shown in 
part section at F, Fig. 309. It does not differ materially in struc- 
ture from types previously described. 

Locating Troubles in Gray & Davis System. — In event of trou- 
ble with the Gray & Davis lighting system, the makers recommend 
a careful study of the symptoms, which will usually provide a 
guide to find the component at fault. The indicator on the dash 
shows positively any failure of the generator or any break in the 
wiring. If the indicator does not indicate charge’’ 'when the en- 
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gin§ is speeded up but shows ‘^discharge” when lights are turned 
on and tlie engine at rest, the dynamo or current regulator is not 
working properly. A common trouble is the dynamo brushes not 
sliding freely in their holders. If the dynamo is driven by friction 
belt this may be too loose to drive the dynamo at proper speed. 
If the indicator does not indicate “charge’^ with the engine speeded 
ioes not indicate '^discharge’’ with the lights on and the 
t rest, one should look for an open circuit or loose con- 
n the battery waring or for corrosion or looseness in the 
storage battery terminals. Sometimes the dynamo terminals may 
have loosened and imjierfeet contact exist at this point Should tlie 
indicator show ^‘discharge’’ with the lights turned off and engine 
at rest (providing that the indicator pointer is not bent), the in- 
sulation on lamp wares may be injured, this permitting contact with 
the frame, causing a short circuit. If the indicator indicates 
^'charge’’ with the engine at rest, it is a positive indication that the 
pointer is bent. 

If the charge indications are below normal wdth the engine run- 
ning, it may be on account of slipping of the driving belt if the 
dynamo is driven in that manner, or because of poor adjustment of 
the centrifugal governor, if that type of dynamo is used. If the 
ammeter discharge’’ indications are above normal it is a sign 
that the lamp load is excessive or one of the lamp wires is in con- 
tact with the frame. When the indicator pointer jerks from one 
reading to another with engine running at constant speed on the 
discharge scale, it means either a short circuit in the system or a 
loose terminal. If trouble is experienced from fuses burning out 
repeatedly, it is a sign that the lamp wires are in contact wath the 
frame at some point or that one of the lamps is defective beoause 
of a short circuited filament. If the engine cranking speed is very 
low and this is not due to the engine being stiff, such as w^ould be 
the case in cold weather or after the engine has been overhauled 
and bearings tightened, it may be considered a positive indication 
that the storage battery is almost discharged or that it is defective 
in some way. If the starting motor does not rotate; the battery 
may be discharged,^ the starting switch may not be making good 
contact or a motor brush may not make good contact wdth the com- 
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mutator. There may be an open circuit in the battery wiring to 
the motor, or there may be a poor circuit or contact because of cor- 
roded battery terminals. If the starting mqtor rotates but does 
not crank the engine, it is a sign that the oven unning clutch does 
not work properly or that the starter pinion is not propei ly meshed 
with the flywheel gear. 

If the lamps will not light but the starter cranks the engine, 
this shows that the storage battery is in proper condition and that 
the trouble is due to burned out or broken lamp filament or de- 
fective lamp fuses. If the lamps burn brightly but fail to illumi- 
nate the road sufficiently, the bulbs may be out of focus in respect 
to the parabolic reflector of the lamp or the lamp supports may be 
bent in such a w^ay that the rays of liglit may be directed too far 
upw^ards. If the lamps burn dimly or not at all and it is difficult 
to crank the engine with the starting motor, this means a weak or 
discharged storage battery. In addition to this, the lamps may be 
old and have blackened insides, the system might be slightly short 
circuited, or considerable resistance may be present, due to loose or 
dirty connections. If the lamps blacken or burn out quickly they 
are not of the proper quality if they are six volt lamps, and not of 
the proper voltage if other than six volt lamps. There is one ex- 
ception to this rule, and that is the bulbs of the tail lamp and dash 
light, wffiich are three volt lamps wdien these two are wired together 
in series. Burning out of the lamps may be caused by the regula- 
tor not working properly, and if this is the case the lamps will 
burn out at high engine speed. If the lamps flicker and the am- 
meter or indicator needle is unsteady, look for loose connections in 
the light wires, loose connections betw^een battery and dynamo, 
loose contact at a lamp connector or lamp bulb, poor contact be- 
tween fuses and fuse clips, or an exposed wire touching the frame 
intermittently. 

If one suspects that the battery is discharged, its condition may 
be readily determined by using the test lamp, shown at C, Pig. 
309. The test lamp may also be used for locating short circuits 
or open circuits. It is well to bear in mind that the lead terminals 
of the battery should be scraped clean and bright at the point where 
the test lamp wires bear in order to insure a good clean contact. 
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If the test lamp burns brightly it shows that there is current in 
the storage battery. To locate a short circuit the fuses are re- 
moved from the rear of the switch and the wire is disconnected 
front the negative battery terminal. Connect one of the test lamp 
terminals to the free battery terminal and touch the other test lamp 
wire to the frame of the car. The test lamp should light if good 
contact is made, this indicating that the positive battery terminal is 
properly connected to the ground. Keep one test lamp wire in 
contact with the negative terminal and touch the otlier wire to the 
eniiLof the battery wire just disconnected. If the test lamp lights 
it snows that a conductor or wire connected to the battery, lamps, 
liorn or starting motor is in contact with or grounded to the frame 
of the car. 

Any wires having injured insulation should be wrapped with 
electrical tape to prevent metallic contact between the conductor 
and the frame. Open circuits are best indicated by feeling of the 
wires where they fasten to the terminals to make sure that posi- 
tive contact is made and that the terminal binding nuts are not 
loose. Short circuits may also be located if no test lamp is avail- 
able by following the various wires and if any of these are found in 
contact with the frame, it is a wise precaution to pull them away 
and to wrap the section that was in contact with the frame thor- 
oughly with insulating tape. If one lamp flickers and the rest 
burn brightly, look for a poor connection between the lamp and the 
lamp connector, a loose terminal at the junction switch or a defec- 
tive fuse. If all lamps flicker, look for loose connections in wiring 
between battery and junction switch. When lamp bulbs have been 
renewed in head lights it is sometimes necessary to refocus the 
lamps. Head lights should not exceed 15 candle power, and should 
always be of the high efficiency filament type. Cheap carbon fila- 
ment lamps will not only consume undue current but will not prove 
enduring. Tungsten filament lamps are best. 

Chalmers-Entz System. — This is used on the Chalmers Model 
26 and is shown at Fig. 310. It comprises a motor-generator, bat- 
tery, switch and regulating device. The feature of the installation 
is that it prevents the gasoline engine from stalling, even when the 
car is in gear. For all normal driving the dash switch is left in the 



HORNBUIION 


Chalmers-Entz Syste 


685 



Fig. 310.— Wiring Diagram of Entz One Unit System. 
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position at the extreme right, or, in other words, the starting sys- 
tem is constantly connected with the motor. For constant driving 
at speeds in excess of 30 miles an hour the dash switch should be 
moved to the middle position in the slot. In this position the igni- 
tion of the motor is still operative, but the generative portion of 
the starting system is cut out so that the battery no longer is being 
charged. When there is a tendency for the engine to stop the elec- 
tric motor automatically picks up and turns the engine over until 
proper firing occurs. 

When the dash switch is thrown to the on position, current flows 
from the battery to the motor-generator, which as a motor re- 
volves at about 100 r. p. m. As soon as the engine attains a speed 
of approximately 600 r. p. m., 6 to 8 miles per hour, car speed, 
the direction of the current, due to the way the switch is connected 
to fields and armature is reversed and the electrical machine then 
becomes a generator, which in turn charges the storage battery. 
In the illustration, showing the wiring of the Entz system, the volt- 
ages of the lamps are shown. In the case of the head lights, the 
small bulbs incorporated are also shown. 

Remy Two-Armature Lighting and Starting System* — The 
electric starting motor and lighting generator on Series AA Na- 
tional cars is the Remy ]\Iodel 150 six volt system. The electric 
machine employs two separate armatures and two separate fields, 
the motor being superimposed upon the generator, altliough both 
are in one steel casting, making a neat, compact unit, familiarly 
dubbed a ^'double decker.^’ The wiring diagram is shown at 
Fig. 311. 

The tw’o armatures are connected together by a tram of gears 
and an overrunning clu1|3h, so that the gears and motor armature 
are in operation only when the starting switch is pressed. Incor- 
porating the reduction gearing and overrunning clutch of the 
starting-generator unit in an oil bath, insures silent operation dur- 
ing starting, as external gears and the meshing of the same are 
entirely eliminated. 

The unit has only one drive shaft and is connected to the en- 
gine by an Oldham coupling. This allows of quick and easy re- 
moval from the engine for inspection if necessary, although large 
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inspection plates are provided on the unit itself,|^uich incon- 
veniently and accessibly located on the engine. A-ltlmugh the frame 
for the two units is a steel casting, the magnetic circuits are en- 
tirely independent, as may be seen from the illustration, Tlie 
generator is shunt wound and is automatically regulated for con- 
stant current by a vibrator, which is mounted on the same base 
with the relay or electric cutout. The function of the regulator is 
to keep the output of tlie generator constant regardless of the 



Fig 311. — Wiring Diagram of the Remy-National Starting and Lighting 

System. 


speed of the engine. The relay is simply^n electric switch wdiich 
opens and closes the circuit between the generator and battery auto- 
matically to prevent dissipation of battery current m the generator 
wdien the engine is at rest. 

The motor is of the conventional series type and is wound to 
withstand heavy overloads. Armatures, brush holders, fields, etc., 
are built in accordance with standard electrical practice. The gen- 
erator windings are protected against injury by means of a fuse 
located on the relay-regulator base. Should the battery become 
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disco|inect^4 richer througli accident or neglect, this fuse will burn, 
thus protecting^ generator and field against excessive voltage, which 
would result if the field circuit were not opened. 

To start the engine the operator presses the starting switch, 
which puts the motor armature into motion, engages the gearing 
and clutch, and turns the engine over. When the engine is run- 
ning under its own power the clutch and engine are automatically 
disengaged and the unit operates only as a generator. The lamp 
load of the car is carried by the generator at about 12 miles per 
hour. As a '' tell-tale ^ ^ an indicator is employed, from which the 
operator may determine whether the generator is wnrkmg prop- 
erly. A simple lighting switch is used for turning on any combina- 
tion of lamps. No side lamps are used, as the head lamps contain 
small independent bulbs for signal lamps. The two-wire system of 
wiring is used. It has been carefully developed, resulting in a very 
simple layout, as may be seen from the accompanying Turing plan 
of the system as applied to the six-cylinder National car. 

Faults in Motors and Generators. — AVhile every effort has been 
made by the manufacturers of electric starting and lighting sys- 
tems to have the various units function as nearly automatically as 
possible, it will be evident that some attention will be needed by 
the various units. The generator should be looked over from time 
to time and should any carbon dust be worn from the brushes by 
the commutator and deposited in the lower part of the casing it 
should be blown out with compressed air. It is stated that an ac- 
cumulation of this dust may result in a ground to the generator 
case or produce a short circuit between the brush carrier and case. 
If the commutator is blackened or rough it must be smoothed down 
with fine sandpaper while the armature is rotating. Never use 
emery cloth for this purpose. After smoothing down the commu- 
tator remove all particles of metal which may bridge across be- 
tween the copper segments. The insulating material between the 
commutator segments should not be higher than the surfaces of 
the segment, and if any of it projects it must be filed down slightly 
lower than the copper pieces by using a small file. 

The brushes are the part of the generator that demand the most 
attention and to which most of the troubles in devices of this kind 
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are due. They should be examined to see that they in perfect 
contact with the commutator and that they do not stick in the 
brush holders. Any dirt or grease on the brush assembly should 
be removed. One of the most fertile causes of poor brush contact 
with the commutator is on account of insafficient spring tension 
When examining the brushes care should be taken to see that these 
are maintained positively in contact with the copper segments. 
Care should be taken not to have the spring pressure too great, as 
this w^ould produce rapid depreciation of the brushes and heating 
of the commutator. Brushes that have w^orn. down till they are 
short must be replaced with new ones. When replacing brushes 
be sure tliat they fit the commutator surface exactly over the whole 
area of the end of the brush, and in all cases use brushes for re- 
placement furnished by the maker of the generator. In some gen- 
erators, shunt connections, w'hich are called “pigtails,’’ are used for 
connecting the brushes. If the new brushes furnished by the fac- 
tory have these connections attached care should be taken to make 
the connection exactly the same as on the old brushes. 

It IS imperative that the commutator be kept clean, as any oil or 
grease on the segments wull collect carbon dust and produce short 
circuiting. The brush holders should be entirely insulated from 
the carrying case, and if any of the insulating bushings, washers 
or plates are found defective they must be replaced with new ones. 
Should the battery or generator be disconnected for any reason, 
do not operate engine again until they are connected. Never run 
a generator unless connected to the battery. With the engine run- 
ning and lamps burning, if the amperemeter hand stays at zero it 
indicates that the generator is producing exactly the same amount 
of current as the lamps are consuming. If the hand is on the dis- 
charge side of zero it means that the current-consuming units are 
burning more than the generator is producing. If the pointer is on 
the charging side of the scale it shows that the generator is pro- 
ducing more current than is being used by the lamps. 

The starting motor is subject to the same electrical troubles as 
the generator is. These are grounds, short circuits, brush and com- 
mutator troubles. Defects in either the motor or generator drive 
are of a purely mechanical nature and can be easily located by any 
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competent repairman. The centrifugal governor used on many 
generators is not apt to give any trouble unless some of the parts 
fail or the action becomes clogged with oil and grease. If the 
springs tending to return the weights are broken or become weak- 
ened the generator will not deliver the proper amount of current 
because the drive will not be positive. Any accumulation of oil 
that will interfere with proper frictional adhesion between the 
clutch parts where a governor is employed will also result in fail- 
ure to drive. 

Faults in Wiring. — In the two wire system every wire, con- 
nector and socket must be insulated from the car and sliould not 
be in metallic contact at any point except at the terminal. It is 
imperative that all wires be insulated from each other and the car 
frame except at points where permanent connections are made. All 
connections should be soldered to insure positive contact and se- 
curely wrapped with insulating tape. The wires must be held 
securely by means of cleats of insulating material and must be 
mounted in such a way that there is no possibility of sharp metal 
corners or edges wearing through the insulation and causing 
grounds or short circuits. 

All wiring should be protected from the rotting action of grease, 
oil and water, and when the wiring is run where these substances 
are apt to accumulate, the regular insulation should be supple- 
mented by a conduit of insulating material such as circular loom or 
fiber tubing, or armored cable should be used. All wires should be 
so installed that there is no danger of interference between them 
and operating rods and levers. The abrasion of these members will 
wear through the insulation, and result in short circuits. Brass or 
copper terminal connections should be used at all points and no 
connection should be made by winding the strands of wire around 
the terminal. One or more of the strands may bridge across the 
terminal or to some metal part and cause a short circuit or ground. 
Special care should be taken with the connections in the lamps and 
other points. By the term short circuit electricians mean that 
two wires of opposite polarity are in metallic contact. Under such 
conditions the storage battery will be discharging and there will 
be no lights at the lamps. A short circuit may occur at any point 
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in the wiring system, but is usually found at terminals that have 
been carelessly made or by worn insulation on wires. 

A short circuit will be indicated by the posHion of the ampere* 
meter pointer. Always note the position of the index hand of that 
instrument when the car is stopped. With the engine f>t a stand* 
still and no lamps burning the band should point to zero. If it 
does not the amperemeter is either out of calibration or there is a 
leak of current from the battery at some point in the wiring. To 
ascertain if the amperemeter is correct, uncouple one of the battery 
terminals of the lighting system. Obviously, if the hand swings to 
zero, the trouble is leakage of current, which should be immediately 
corrected after the trouble is located. If the index does not point 
to zero when the battery terminal is disconnected, the instrument is 
out of calibration, and while this does not affect the operation of 
the system it should be taken into account when reading the am- 
peremeter. If the engine backfires when the ignition is interrupted 
and it makes one or two revolutions in the reverse direction, the 
amperemeter pointer may be found at the extreme of the scale on 
the discharge side. This is caused by the circuit breaker contact 
lieing held closed and means a short circuit of the battery through 
the generator winding. This must be corrected at once by mo- 
mentarily disconnecting one of the generator wires or starting the 
engine. If the wires are removed from the generator for any rea- 
son make sure that they are connected to the same terminals as 
they w^ere originally. If the wires are reversed the amperemeter 
will indicate a dead short circuit by swinging to the extreme on 
the discharge side of the scale w^hen the engine is started, and if this 
defective condition is not corrected the battery will be soon dis- 
charged. In case of a short circuit examine all of the wires con- 
nected to the battery terminals and to the lighting switch. Make 
sure that the insulation is perfect and that it has not been cut 
through ^t any point. Whene\er an}^ wires are removed from any 
of the units always mark the terminals and the wire so that they 
will be replaced exactly as they w^ere originally. If a short circuit 
exists when all the switches are opened, if one takes off a battery 
terminal and makes and breaks contact between the wire and that 
member a small spark will be in evidence. If no sparking occurs, 
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connect up the terminal to the battery and then with the engine 
at a standstill close the switches to the lighting circuit one at a 
time and watch the amperemeter closely as each switch makes con- 
tact If the pointer does not move far from zero it shows that the 
current consumption is normal ; if, however, the pointer swings to 
the extreme of the discharge scale it is evident tliat a short circuit 
exists somewhere in the circuit just brought into action. All the 
circuits can be tried in this manner one at a time. If the ampere- 
meter indicates only a normal amount of current consumption for 
the various lighting circuits it is apparent that no further search 
IS necessary. If, however, the needle indicates a short circuit on 
one or more of the switch positions, examine the wires carefully 
for the circuits at fault, and if the trouble* does not exist there it 
may be located in the lamp socket, the connector or the bulb itself. 
In case one or more lamps fail to burn the trouble is due to either 
a broken wire or a defective connection at the switch, connectors or 
lamp sockets or a bulb or fuse is burnt out. 

The following instructions relative to the care of the laxpps and 
storage battery of the Auto-Lite system are taken from an instruc- 
tion book prepared by this company and apply to similar com- 
ponents of all systems. Complete directions for the care and charg- 
ing of storage batteries are given in the preceding chapter, but at 
the same time a review of the important points to keep in mind in 
connection with the maintenance of the batteries used in lighting 
and starting systems will prove of value to the motorist or repair- 
man who does not desire to go thoroughly into the subject of 
storage battery charging or maintenance. 

To clean head and side lamp reflectors, remove from lamp body 
and carefully blow out any dust which may have collected on the 
reflecting surfaces. Then dip a small piece of absorbent cotton in 
alcobol and lightly wipe over the surface — always from the back 
to the front. To focus the lamps, open the swinging front of the 
lamp and direct the light upon some smooth vertical surface at a 
distance of about ten feet. Loosen the adjusting screw on the slide 
at the rear of the reflector, and move the bulb and socket out and 
in until all rings disappear in the illuminated area. Then tighten 
down the adjusting screw and close the lamp. Any further adjust- 
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ment of the lamp must be made by bending the arms of the lamsp 
bracket with a heavy wrench until the light from :;ach lamp strikes 
the road at the point desired. 

Do not connect additional apparatus, such as electrical horns, 
cigar lighters, etc., to the system without taking l 1 e matter up with 
the factory. The surplus capacity of the system is large, but there 
is a limit to the amount of current which the generator can pro- 
duce. Use the same judgment and reason in the operation of the 
electric lights on a car as you do those in your home or garage. 
When a car is running it is not necessary to burn all the lights, the 
two heads and the tail are all that are required or that are of any 
service. When the ear is standing at night, use the side and tail 
lights only. When push type connectors are used, if halves of con- 
nectors are loose when pushed together, the contact will be poor. 
Spread the connector posts slightly so that they will slide in their 
sockets snugly. If Ediswan type are used, and plunger springs in 
connector do not operate, replace the connector with a perfect one. 

The storage battery is made up of several hard rubber cells or 
containers for the active plates and liquid electrolyte. The whole 
is surrounded by a wood casing for mechanical protection and ease 
in handling. Each individual cell is provided with a screw cap 
for inspection and the addition of electrolyte or distilled water 
when necessary. (See Fig. 301 and Fig. 305, B). The electrolyte 
must at all times cover the tops of the plates at least one-quarter 
inch. Insufficient electrolyte will result in warped or buckled 
plates, and an accumulation of sediment at the bottom of the cells. 
The battery will be ruined in a short time if the tops of the plates 
are not kept covered. Each cell must be inspected at least once 
every week in summer and once every two weeks in winter. All 
screw caps must be removed and distilled water added to each cell 
to make up for the natural evaporation. If distilled water c^Bot 
be had use clean rain water which has not come in contact wdth 
metal or cement. ^ ^ . 

Never add acid to the cells of the battery. If part or all of the 
electrolyte has been lost through accidental spilling or leakage get 
full instructions and advice from the maker. An hydrometer, ar- 
ranged with a rubber bulb to draw a portion of the electrolyte 
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from each cell^ furnishes the best indication of the condition of the 
battery. The hydrometer shows the specific gravity of the elec- 
trolyte, which for a fully charged cell should be 1280 on a specific 
gravity scale. If the car is out of service for a considerable length 
of time, as when laid up for the winter, it is necessary to charge 
the battery at regular intervals. This may be done by running the 
engine at a car speed of tw^enty miles per hour for at least one 
hour every two w^eks. If the car is to be stored, and it is not con- 
venient tb charge as above, the battery should be removed from 
the car and placed in a reliable garage to be properly taken care of. 

If your battery is arranged with terminal posts for the wiring 
connections these must be examined occasionally to see that they 
are clean and free from sulphate. The thorough application of a 
small amount of vaseline at the metal connections to the battery 
posts will prevent sulphating and consequent corrosion and poor 
electrical contact at these points. If the electrolyte leaks from the 
joints, bottom, or wood sides of the battery case, one or more of 
the hard rubber cells are cracked or broken. The battery mij^t be 
returned to the factory for repairs or replacement. The met^^bat- 
tery box must be thoroughly wdped out wuth a cloth saturated with 
ammonia to neutralize the acid and prevent corrosion. The top 
of the battery must be kept clean and dry to prevent a leakage of 
current between the terminals. See that the battery is held se- 
curely in its metal box or other container. If necessary^ pack 
tightly wuth waste to prevent the battery shaking about from jolt- 
ing of the car. Tools, other metal articles, or anything of value 
should not be placed near the battery as the acid fumes will cor- 
rode and destroy metal, cloth and like material. Make certain that 
the battery terminals cannot touch the cover of the metal battery 
box. A thin sheet of w'ood fiber fitted inside the cover of the bat- 
tery box will prevent short circuits or grounds from this cause. 
It must be remembered that the efficiency of any storage battery 
decreases with drop in temperature and it is only about 50 per cent, 
efficient at zero temperature. For this reason the demand for cur- 
rent should be kept as low as xiossible in cold wx^ather and lamps 
turned off wiien not needed. 

The user of any electrical starting and lighting system will 
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Fig. 312. — Wiring Diagram, Showing Typical Lighting System. 


avoid trouble and expense by the observation of the following 
instructions : 

Don't replace worn-out brushes with any others than those sup- 
plied by the manufacturer. 

Don't put oil or grease on the commutator of the generator or 
motor. No lubrjcation is wanted there 

Don't turn the hose on the generator or motor when washing 
your car. 

Don't tighten up on the silent ^*hain drive unless the slack be- 





^646 Automobile Repairing Made Easy 

comes excessive from stretching. The chain mnst he run with a 
reasonable amount of slack to prevent noise and wear. 

Don’t fail to lubricate the silent chain drive at frequent inter- 
vals. Noise will be eliminated and wear reduced. Keej) the chain 
and sprockets clean, and free from dirt and gravel. 

Don’t run your car, if for any reason tlie battery is discon- 
nected from the circuit, unless you have disconnected llie chain 
driving tlie generator, or the generator itself has been removed. 

Don’t attempt to propel car with starter. Such stunts'’ are 
interesting, but expensive'. Gasoline is for that purpose. 

Don’t attempt to make adjustments of any kind in the circuit 
breaker. 

Don*t fuss with the system when it is operating properly. 

Typical Lighting System. — In order to show clearly the wide 
use that is made of electric current, even on cars not provided with 
an electric starting motor, wiring diagrams are shown at Fig. 312 
which represent the frame and body wiring of a Packard touring 
car without starting motor. This wiring is used solely for con- 
veying battery current to the lamps and other current-consitming 
units, which includes a Klaxon horn and speedometer light & ad- 
dition to the usual lighting equipment of six lamps. Two Tear 
lamps are provided, one of these the usual red signal specified liy 
law, the other is a white light used to illuminate the license tag 
In order to make it possible to remove the body from the chassis 
without destroying the wnring, the current conductors are run in 
two independent groups, one being secured to the body, the other 
running through suitable conduits attached to the frame. The 
upper view shows the body wiring with the storage battery con- 
nected, though this member is carried by the frame and has a 
connector w^hich may be readily broken when desired to join the 
battery with the body junction box. Among the appliances car- 
ried by the body may be mentioned the side lamps, the speedometer 
and dash lights, the Klaxon horn, and the two tail lamps. The 
arrangement of the wiring is clearly shown in the illustration, the 
method of running the wires from the junction box to the various 
units is clearly defined. Attached to the chassis are the two head 
lights, the storage battery, and the lighting generator. In this 
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Fifir. 313.^ — Group of Lamps XJsedl m Connection with Electric Lighting System. 
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system the generator is used to charge the storage battery, the cur- 
rent lEdng through the usual automatic cutout switch to prevent 
a reversal of current at such times that the generator is not sup- 
plying enough energy to charge the battery. As is true of the dia- 
gram presented above, all of the circuits are clearly shown and may 
be readily followed by any one. 

The construction of the various forms of electric lamps used in 
motor car lighting systems is clearly shown in Fig. 313. Tlie 
lamp outlined at A is a combination form, designed to use either 
kerosene or electricity, the former being used only in the event of 
failure of the latter. The side lainji at B is a neat form, intended 
to use electricity only. Dash, coil and speedometer lamps are de- 
picted at C. A combination trouble lamp and cigar lighter is 
shown at D. The trouble lamp at E is an easily portable form 
and is convenient for use around thi' power plant, gasoline tank, 
etc., deriving its current from the regular battery. A combination 
tail lamp, having red lens at the rear and a white glass at the 
side to illuminate the number plate, is shown at P. The apprgyed 
construction of a variable focus electric head lamp is shown w G. 
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CLUTCH AND GEARBOX FAILTS 

Principal Clutch Troubles Outlined — Cone Clutch Construction and Adjust- 
ment — Cone Clutch Repair — Plate and Disc Chitches — Band Clutches — 
Planetary Gearset Repair — Friction Drive Faults and Remedies — 
Troubles in Sliding Gear Transiiiission 

It is not iliftieiilt to locale defects in the power plant, as the 
syrnptx)ms r(‘siiltiiig from faulty action of tlie engine mechanism 
and the jiarts of the auxiliary groups are vsuch that can be readily 
recognized by comparatively inexperienced repairmen. There are 
a number of points in tlie power transmission system that may de- 
preciate in service and their faulty action wull not he immediately 
discovered. There may be serious wpar in the pow^r transmis- 
sion elements, such as the gear box and the rear axle, w^hich will 
mean a serious diminution iii the amount of jiower delivered to 
the rear wheels. As these faults are usually of a purely mechan- 
ical nature, they are not generally known, and as a rule only show 
up in a positive manner when a car is overhauled thoroughly. 

Principal Clutch Troubles Outlined. — The first member of the 
power transmission system to he considered is the friction clutch 
in its various forms, and it is important that clutch troubles be 
readily recognized, as the powder, capacity and speed of the entire 
vehicle will be affected if the clutch action is not as it should be. 
Considering first the general troubles w^hich are apt to material- 
ize with all types of clutches, we will consider as the most important 
a too sudden or harsh engagement, which causes “grabbing,” fail- 
ure to transmit the entire engine power, lack of capacity due to 
failure to engage properly and poor or slow release, which results 
HI “spinning.” Clutches that employ frictional material as a 
facing will not act properly if the material becomes worn or if it 
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is glazed over. Besides the trouble due to defective friction mem- 
bers, there are other portions of the clutch mechanism that de- 
mand care and inspection. As the cone clutch is the most com- 
mon, we will describe the construction of a typical clutch of this 
nature and then consider the methods of repairing defects that 
may materialize in service. 

Cone Clutch Construction and Adjustment. — The cone clutch 
assembly shown at Pig. 314 is that used on National automobiles 
and is one that has given excellent service. The female member is 
machined in the flywheel rim while the male member, from which 
the clutch type takes its name, is a truncated cone or saucer-shaped 



Fig. 314. — Clutch and Control Pedal Assembly of National Automobile. 
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member cast of aluminum, which has a friction facing of leather. 
The clutch cone transmits power by virtue of frictional adhesion 
with the flywheel rim, this amount of friction being increased by 
the wedging action due to the angular face of the clutch members. 
The pressure maintaining the parts m engagement is produced by 



Fig. 315 .— Sectional View, Showing Gear Box and Clutch Assembly, 
Forming Part of Unit Power Plant. 


a substantial coil spring carried by the flywheel extension, this 
spring exerting its pressure against the cone-carrying member 
and having its reaction absorbed by an anti-friction bearing of the 
ball form. The power from the clutch cone carrier is transmitted 
by a double universal joint to the gearbox, placed back of the clutch 
and about midway on the chassis frame. 
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The views of the National chassis presented at Fig, 339 will 
show the relation of the clutch and gear box in the National car 
very clearly. When it is desired to interrupt the engine drive the 
clutch release pedal is depressed, this pulling the clutch cone car- 
rier so the cone is pulled away from the female clutch member. 
In order to prevent spinning’’ and make gear shifting easy, as 
soon as the clutch cone is fully released a friction brake interlocked 
with the clutch pedal is brought in contact with a small brake 
drum member, which retards clutch movement. Another form of 
friction clutch, showing its relation to the gearbox of a unit power 
plant, is clearly outlined at Fig. 315. This is of Covert manu- 
facture and will be found on a number of 1915 automobiles. When 
the clutch and gearset are incorporated as a unit the design of the 
engine is such that the gear box is bolted directly to the engine 
crankcase in order to obtain a unit jiower plant. In this cone clutch 
the spring pressure maintaining contact between the male and fe- 
male clutch members is produced by four coil springs carried out- 
side of the clutch cone, wiiere they may be easily reached through 
the clutch case cover when it is necessary to increase their tension. 

' It wdll be apparent that as the clutch facing wears and the cone 
seats itself deeper into the female member that the spring tension 
may be reduced to some extent. In the clutch shown the spring 
pressure may be increased as desired by pulling out the split pins 
that keep the castellated adjusting nuts from turning and screw- 
ing each of these members in the same amount, endeavor being 
made to have the tension of all springs as nearly e(iual as possible 
The clutch springs exert their pressure against the clutch cone at 
one end and the reaction is taken through the stud to a spider mem- 
ber between the clutch cone and the flywheel, which bears against 
a ball thrust-bearing carried by the crankshaft extension member 
bolted to the flywheel, as indicated. When it is desiri^d to release 
the clutch, the pedal rocks a shaft to which a yoke member is fas- 
tened. This yoke member carries roils which bear against an up- 
turned flange on the clutch cone carrier, which also transmits the 
power of the engine to the squared end of the primary shaft. The 
construction of the gear box will be described m proper sequence. 

The clutch shown at Fig. 316, A, is used on models B-24 and 
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Fig. 316. — Processes Incidental to Refacing Clutch Cone Outlined. 



654 , Automobile Repairing Made Easy 

B-25 Buick cars. It is of the leather-faced cone type, having three 
plungers pressed against a leather facing by coil springs to make 
for easy engagement. The construction is clearly shown in the ac- 
companying sectional view, which also points out the portions 
needing lubrication. Of these, the clutch siiindle is lubricated by 
a grease cup carried by the clutch cone, while a pipe plug is placed 
in the spring housing to introduce grease for the thrust bearing. 
In this clutch the spring tension may be increased by screwing in 
the threaded nut on the end of the crankshaft extension. The 
clutch cone is of aluminum and is tapered in the usual way, having 
a standard angle of 12)4 degrees. The cone is held m engagement 
with the flywheel by the large coil spring enclosed in a housing 
member, that also serves as a clutch cone earner. At the rear of 
this sleeve or housing member is placed the coupling which connects 
the clutch with the primary shaft of the change speed gearing. The 
housing carries a collar connected wuth the clutch pedal, so that 
when that member is depressed the clutch spring is compressed and 
the cone pulled away from the flywheel rim. After the clutch has 
overcome the inertia imparted by the flywheel it remains station- 
ary when released, the crankshaft extension rotating , freely inside 
of the clutch spindle bearing. 

The most common cause of faulty clutch action is some defect 
of the leather facing, as this may be packed down hard or charred 
by heat from slipping, or it may have been used so long that the 
leather has lost its life and become hard, with a glazed surface that 
has a very low degree of frictional adhesion. The clutch spring 
may have become weakened or broken • this will cause the clutch to 
slip, even if the leather facing is in good condition. The two trou- 
bles usually met with are harsh action as one extreme condition 
and power loss because of slipping as the other. If the surface of 
the leather lining becomes hard and does not have enough resiliency 
to yield slightly when first brought into frictional contact with a 
flywheel rim, this results in harsh engagement. To insure gradual 
clutch application the friction lining should be soft and elastic. 
If the leather has not been charred or is not worn too much it may 
often be softened by rubbing it with neatsfoot oil and allowing 
that substance to soak into the pores of the leather. Kerosene oil 
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is often enough to keep the clutch leather soft and pliable, and it 
has an added advantage in that it has so little lubricating value 
that the clutch members are not likely to slip because of reduced 
friction. Kerosene also has a quick penetration property that is 
valuable and does not collect grit or gum. Cylinder or machine oil 
should never be used to soften a clutch leather. 

When a cone clutch slips and the friction facing is not worn 
or the spring tension is not lessened the trouble is usually due to 
a coating of lubricating oil on the frictional material, that reduces 
the friction so that the pressure of the clutch spring is not great 
enough to keep the clutch parts tightly pressed together in posi- 
tive driving engagement. A simple remedy for this defective con- 
dition is to absorb the surplus lubricant by rubbing a small quan- 
tity of Fuller ’s earth into the leather surface. AVhen a clutch cone 
is assembled it is not easy to reach the friction lining. The first 
step is to disengage or release the clutch and fasten the releasing 
mechanism in such a way that the clutch cone will stay out of en- 
gagement even when the pressure is released on the pedal. On 
some cars the clutch release and emergency brake applying me- 
chanism are interlocked so that applying the hand lever will release 
the clutch. The clutch may be held out of engagement in this ease 
by latching the emergency brake lever. The Fuller’s earth is 
placed on a piece of paper or card so it can be sprinkled into the 
space left between the male and female members. Powdered borax 
is often recommended for the same purpose. Rosm is sometimes 
advised, but this material should not be placed between the clutch 
members, as if there is any tendency to slipping and any genera- 
tion of heat it may be melted and will become a lubricant that will 
intensify the slipxnng instead of acting to absorb the oil, as the 
Fuller’s earth or borax will. 

If slipping is caused by a broken clutch spring, whicli is a very 
rare occurrence, or by weakening of the clutch spring, which is 
more common, the method of repair is evident, this consisting of 
substituting springs of proper strength where no adjustment is 
provided or by increasing the degree of compression of the weak 
spring if some method of compensation, for shortening the spring 
is provided. Another annoying condition when a cone or three- 
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plate clutch is used or where the clutch-driven members are of large 
diameter and have considerable weight, is '‘spinning'' or contin- 
ual rotation of the male clutch member when the spring pressure is 
released. Tins is often due to inertia, but is sometimes caused by 
a defect in the clutch mechanism. If the bearing on which the cone 
revolves when disengaged is not properly lubricated or if a poor 
grade of grease is used for this purpose the bearing may stick and 
the male clutch member will continue to rotate, even when the 
spring pressure is released. The ball thrust bearing employed to 
take clutch spring reaction, and w4nch is clearly shown in the vari- 
ous sectional view^s previously described and m Fig. 318, winch 
shows a cone clutch partially dismantled, may become wedged by 
a broken ball or particles of foreign matter, and if rotation of the 
parts relative to each other is prevented the rotation of the crank- 
shaft wull be imparted to the cone member through the (iut(ii 
spring, which must turn with the crankshaft instead of remaining 
stationary, as wxnild be the case if the ball thrust Ixuiring were 
functioning as it should. 

A seized clutch spindle bearing can onlv b(‘ repaired liy taking 
the clutch apart and dressing down the scored journal, su]>plying 
a new’’ bushing and removing tlie cause of tin* seizure. Sometimes 
when the clutch cone is carried on plain liearings wear in these 
members wull permit the cone to sag because of its w^eight, and 
even though the spring prc'ssure is fully reh^ased the lowi^r portion 
of the cone will come in con+act with the fly w lied and tlie cone will 
be kept in rotation. Faulty clutch action is often traced to points 
distinct from the clutch mechanism itself. This api)li(*s to all 
types of clutches. IMaiiy cases of failure of dutch to release lia\e 
been found due to imperfect relation of inter locking l(‘vers or rods 
or depreciation in some mechanical partjs. If the dutch shifting 
collar IS w^orn unduly or the small ]uiis in the rod yokes connecting 
the dutch pedal wuth the release mechanism have w^orn, the pedal 
may be fully depressed and yet the pressure of the spring keeping 
the parts m contact may not be reduced to any extent. Wh<*re the 
emergency brake lever is interlocked with the clutch release lever- 
age it may be possible that an adjustment of the brake rod, if 
these are shortened to compensate for w^ar of the brakes, will 
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change the length and may throw out the clutch mechanism slightly 
and cause slipping of tlie clutch because the spring pressure may 
be partially relieved. 

The clutch release mechanism tised on the Overland car as M^ell 
as the i>rovisions for adjusting the clutch spring are clearly shown 
at Fig. 319. When the ciutcli cone facing wa^ars the only remedy 
is to dismantle the clutch, as sliown at Fig. 318, which permits one 
to remo^e the old clutch lining from the cone and rivet a ne^v one 



Fig 317. — Pattern for Cutting Clutch Leather for Overland Model 80 

and 81 Cars. 


in its place. If the old facing can he removed without breaking, it 
may be employed as a pattern or basis for a new’ lining. If the 
car is a model of standard make and recent manufacture the best 
plan is to obtain a new’ clutch facing from the manufacturer. How- 
ever if the car is an old model or if the facing must be put on 
immediately it is not difficult to lay out a clutch leather that will 
go in place without difficulty. 

The first step is to lay out the clutch to exact size on heavy 
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drawing paper, making sure that the faces are at the proper angle. 
This may be done as shown at Pig. 316, B. Draw a long line 
through the center of the clutch cone and parallel with the hub; 
this being represented by the line AB in the drawing. Continue 
the angle of the cone by straight lines, meeting at a point in the 
center line. Using this point as a center and the distance from B 
to C and B to D as radii, describe the arcs of circles EG and PH. 
The distance from E to G must equal the larger circumference of 



FLYWHEEL AND FEMALE CLUTCH MEMBER 
^CLUTCH CONE 


-CLUTCH coi;l friction Facing 

^ CLUTCH SFRING HOUSING 

Dk'IV'NG SHAFT 


n.HTPH SPfVlNiG- 


Fig. 318.- 


-Cone Clutch PartiaUy Disassembled to Show Important 
Components. 


the cone so the ends will butt together, or it may be advisable to 
make the strip somewhat longer than necessary to allow for fitting. 
The pattern thus obtained may be used to cut the new leather. A 
special friction leather which is made for this purpose should be 
used. The thickness of the facing is important, because if it is 
too thick it wull prevent the cone from entering the flywheel as it 
should. The clutch leather is usually one-quarter inch thick. 

Before riveting the leather in place it should be made as pliable 
as possible with neatsfoot or castor oil, though all repairmen are not 
in agreement regarding this practice. Some advocate soaking the 
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leather in water and applying to the cone wet so that when it 
dries it will shrink and bug the cone closer. Others apply it dry 
and oil it after it is 
placed. In the opinion 
of the writer, which is 
based on considerable 
experience, letting the 
leather shrink is likely 
to result in the friction 
facing pulling away 
from the rivets, while 
oiling the material 
after application is apt 
to cause expansion and 
an uneven surface. 

When the leather is 
oiled before applica- 
tion it is soft and 
pliable and there will 
be no trouble in the 
material becoming 
loose from its fasten- 
ings if it is properly 
fitted. There are two 
methods of fitting the 
clutch leather. One of these is to attach the leather at one end, 
holding it on the cone with a machinist's clamp or hand vise, while 
the holes are then drilled in the leather to coincide with those in 
the cone. The two holes at the extreme end are first drilled and 
the leather riveted in place, care being taken that the holes for the 
rivet heads are countersunk deep enough so the copper will be well 
below the surface of the leather. After the end is securely fastened 
the leather is pulled tightly around the cone to the next point of 
fastening, the facing again being retained by clamps while the holes 
are drilled and the rivets applied. This operation is repeated from 
one point of attachment to the next. This method insures that tiie 
facing will hug the cone closely instead of standing away from be- 



Fig. 319 — Clutch Control Assembly of Over- 
land Automobiles. 
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tween the rivets, as is sometimes the case when all holes are drilled 
in the leather before application, which is the alternative method. 

After a facings is applied it should be trued in a lathe by tak- 
ing a light cut off its surface or the high spots may be rubbed off 
by hand with sandpaper, a piece of glass or a coarse file until a 
a full bearing is obtained all over the clutch facing. The material 
ordinarily used is good oak bark tanned belting l(‘ather, though 
hemlock and chrome tanned leatlier have been us(‘d with good 
results. The oak tan seems to possess all the desinnl cjualities of 
elasticity, durability and degree of frictional adhesion required. 
The other method of applying the leather is to rivet the two ends 
to the cone as showm at Fig. 311), and then to ]>ull the leather 
in place and rivet at the point directly oiiposite that w lu're the two 
ends are riveted The other rivii hoh‘s are tlnui (liilh‘d to corre- 
spond with those in the cone. It is not d(‘siral)le to (oit woven wire 
asbestos fabric, and wdien this material is us(*d it must be ob- 
tained all ready woven to form from the car manul aeturer. Six'- 
cial copper rivets are us(‘d tor rividing the friction facing to the 
cone. These have broad, flat lu^ads of medium thickness, in order 
that they will keep the leather firmly m place without danger of 
pulling through, as w^ould be the ease if the rivet heads were 
small. Care should be taken to countersink deep enough for tlie 
rivet heads so that these will not touch the female member until 
the leather is w^orn so much that it needs isuKwving 

It is not difficult to do a good job of riveting if a bolt or punch 
the same diameter as the rivet head is used as a support, as shown 
at Fig. 316, D, and the end of the rivet is burred over with a 
rivet set, or with the ball pein end of a machinist’s hammer. 
The punch supports the head of the rivet and forces it positively 
into the countersunk hole and insures a good tight fit. On souk* 
clutch cones, notably that used in models of the White automobile, 
the friction facing is held on the cone by means of T-bolts, wffiich 
fit into depressions cast into tlie cone spider. Eenewal of the 
leather is a simple matter, as the worn facing may be removed 
by loosening the clamping members and a new^ facing easily ap- 
plied. The method of making a pattern for the clutch leather of 
some of the Overland car models is clearly showui at Pig. 317. 
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It will be observed that the radius for the inner circle is 33%2 
inches, while that for the outer arc is 35%2 inches. The length 
should correspond to the circumference of the clutch cone, or 
44%(j inches. The rough or flesh side of the leather is placed 
outside. 

Plate and Disc Clutches. — Multiple disc or three plate clutches 
are subjected to practically the same main troubles as found in 
the cone type, i.e., they will engage harshly or fail to transmit the 
engine power in a positive manner. If a multiple disc clutch of the 
all-metal plate type does not release properly, it is because the 
surfaces of the plates have become rough and tend to adhere to- 
gether. The plates should be smooth and free from any rough 
particles or score marks, as these will always produce harsh en- 
gagement. This condition also results if there is insufficient oil 
or unsuitable lubricant in those types where the discs are designed 
to run in an oil bath. Spinning or continuous rotation of a 
multiple disc assembly often results from seizing due to gummed oil ; 
the presence of carbon or burnt oil between the plates, and in some 
cases by a lack of oil between the members. When an all-metal 
multiple disc clutch slips, this generally results because of reduced 
strength in the clutch springs, distortion of the plates, or the use 
of too heavy lubricating oil. To secure the best results from a 
multiple disc clutch it is imperative that only certain grades of 
oil be used. If one uses a cheap or inferior lubricant it will car- 
bonize because of the lieat present when the plates slip, or it will 
gum up owing to the admixture of animal fats or other adul- 
terants. 

In a number of cases faulty multiple disc clutch action is due 
to ^‘brooming/’ which is a name given for a defective condition 
that exists when the sides of the kyew^ay have become indented 
and prevent free movements of the plates, or when the plate edges 
become burred over and prevent full contact of the plates. In 
most cases the adjustment of a multiple disc clutch is easily ac- 
complished by adjusting nuts that may be easily reached if tlie 
clutch is of the dry plate type, as shown at Pig. 320, A, which is 
a representation of the 1914 Hupmobile clutch. The adjusting nut 
is indicated and there are a number of these carried around the 
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periphery of the flywheel. Whenever the dry plate clutch is used, 
one set of the series of discs is faced with some friction material, 
such as Eaybestos, and, of course, when this facing wears it must 
be replaced with new just the same as advised for the cone clutch. 
These facings are usually of asbestos fabric, and must be procured 
wmven in the special ring form of suitable dimensions for that 
specific make of clutch. It is not possible for the repairman or 
motorist to cut his own plate facing, as the material is hard to 
handle and there would be much waste if attemnt was made to 
cut it in segments from a wide strip of material. 

A typical multiple plate clutch of approved design is shown 
at Pig. 320, B. This is used on the series X Premier car. It is 
intended to operate in oil and is housed in a dust-proof casing 
attached to the rear of the fan-blade-spoked flywheel. Connec- 
tion between the clutch and gearset is by means of a hardened 
floating shaft A, broached at its forward end to engage with the 
clutch, and having at the rear a joint coupling B, which engages 
vith a similar jiart C on the gearbox. The sleeve B, which carries 
the coupling slides upon the clutch shaft may be easily moved 
forward by removing the clamping collar D. This is split so that 
it may be easily removed from the threaded portion. In remov- 
ing the clutch the first operation is to displace the floor board 
in order to gain access to the clutch casing. Remove the cotter 
pins E from the pins P in the pedal shaft end of the cradle. 
Remove the split nut D from the clutch shaft A and slip the 
sleeve B forward, in order to release it from the coupling C. 
Next remove the eight retaining screws G in the clutch cover on 
the flywheel, which will permit of removing the clutch and drive 
shaft. To take the clutch apart back off the clutch nut H, which 
will release the clutch spring and enable that member to be lifted 
out. The spring nut 11 is not used for making adjustment, as 
none is necessary. A spanner wrench or tw^o quarter-inch pins 
used in connection wdth a bar may be employed for backing off 
the clutch nut H. The clutch cover J can be easily removed by 
taking out the spring, and the small and large plates L and K will 
be found on the clutch plate holder. 

These plates should be taken off and thoroughly cleaned. If 
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Fig. 321. — Construction of Typical Three Plate Clutches Outlined 
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considerable depreciation is noted, new ones should be substituted 
for the worn members. The small plates L have lugs upon their 
inner edges vlneh engage in the keyways or grooves cut on the 
face of the spider. The large plates K have a series of lugs on 
tlKor outer edges to fit into the grooves in the clutch cover. In 
reassembling tins clutch it is important that the lugs of the large 
disc are so arranged as to fit alternate slots, thereby providing 
space between every other plate for the placing of the small 
springs which must be assembled so as to project toward the rear 
of the ear. The last two sjirings are arranged to touch the inside 
of the clutch cover. The object of th(\se small springs N is to 
force the clutch jilates K apart when the clutch pedal is released. 

Before replacing the clutch cover, coat the edges with shellao 
to insure an oil-tight fit. Slide the clutch shaft A forward into 
the clutch until it strikes the bottom of its socket. Slide the sleeve 
B with the three joint coupling back until it engages with the 
coacting member on the transmission jirimary shaft. Replace the 
split nut D, screwing it along the shaft until both the shaft and 
the sleeve are forced securely into place, then scn^w the nut forward 
about 03 inch to allow that much end ]>lay in the clutch shaft, 
and tighten the two screws securely. The makers of the Premier 
clutch recommend lubricating the clutcli every five hundred miles. 
This is accomplished by removing the filler plug and using a funnel 
to replenisii tin* supply. If the clutch is susiiected of chattering 
or harsli (uigagenumt, the first step is to make sure that all the 
motor cylinders are firing regularly and that it is the clutch 
that is at fault. If the clutch drags or does not release promptly, 
inject about a pint of kerosene, running tlie motor a few minutes 
wuth the clutch disengaged and with the gears engaged in the 
gearset. This holds the clutch spider or disc carrier stationary, 
wdiereas the other set of discs, wdiich is carried by the clutch case, 
revolves and washes the kerosene thoroughly between all the plates. 
Remove the kerosene after this operation is completed and refill the 
clutch case wutli new, clean oil. The clutch operating linkage should 
be lubricated every day and the grease cups just to the rear of 
the clutch housing should be turned down frequently. 

Examples of the three plate clutch construction in wdiich a 
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single large driven member is used, faced with rings of friction 
material, are shown at Fig. 321. That at the left is the Haynes 
clutch, the spring pressure being multiplied by a bell crank which 
presses the clutch pressure ring against the driven member and 
brings that to bear against a suitably machined face on the fly- 
wheel web. The driven member is carried by and rotates with 
the shaft used to transmit the power of the clutch to the gearset. 
It is possible to compensate for wear of the friction faces by 
screwing in on the adjustment screws A which push the ring mem- 
ber carrying the bell cranks closer to the pressure ring. Owing 
to the large size of the driven member this type of clutch will 
continue to rotate after the clutch spring pressure is released 
unless a clutch brake is provided. This is a very simple con- 
struction consisting of a plate attached to and turning with the 
shaft supporting the driven member and a friction pad carried 
by the releasing yoke. The general construction of the clutch is 
so clearly shown that further description seems unnecessary. 

Another form of three plate clutch which is used on some 
models of the White automobile is shown at the right of Fig. 321, 
In this the driven plate is clamped between the flywheel face and 
the pressure ring by a force exerted against a pressure wedge by 
the toggle links which are pressed outward by the usual form of 
coil spring. When it is desired to interrupt the drive the releas- 
ing yoke is moved so that the clutch spring is compressed and the 
toggle links pull the pressure wedges from between the inclined 
faces of the pressure ring. A variety of multiple disc clutches is 
shown at Fig. 322, all of these operating on practically the same 
general principles. That shown at A is used on the Chandler 
automobile. That at B is an all metal disc assembly of Franklin 
design. The King clutch is shown at C, this having a series of 
adjusting nuts AAA, which may be used to augment the clutch 
spring pressure if the clutch shows any signs of slipping. The 
clutch used on the Hudson cars is shown at D. This also employs 
a series of small springs having adjusting means instead of one 
large coil spring not provided with any compensation for loss of 
strength. The clutches shown at A, C and B have plain metal discs 
alternating with heavier plates provided with cork inserts. The 
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Fig. 322. — Group Showing Multiple-Plate Clutches Used on Modem 

Automobiles. 


same instructions previously given in connection with the other 
multiple disc clutches apply to these forms as well. 

The relation of a multiple plate clutch to the complete power 
plant and gear box assembly is clearly shown at Pig. 324. The 
multiple dry plate clutch shown detached from the gearset unit 
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employed on the 1915 8-cylmder Cadillac is shown at Fig. 325. 
It will be observed that the clutch disc drfying member which is 
bolted to the flywheel has a series of drivii^g keys riveted around 
its inner periphery. These are to engage the projecting driving 
members which extend from the outer facing of the plain metal 
discs. The asbestos friction material faced plates are carried by 
the clutch spider, the pressure maintaining contact is exerted by 
a concealed coil spring carried in the interior of tlie clutch as- 
semlily A plan view of the gearset wuth the cover jilate rt'inoved 



Fig. 323. — External Constricting Band Clutcli of Haynes Design. 


and showing the mainshaft and the shifting gears is ^Iso included 
in tins illustration. 

Band Clutches. — Band clutches have b(‘cn used to a limited 
extent in automobile construction, though these have never received 
the wide ap]>]ieation that tlie cone, three plate and multiple disc 
clutches have. Many early models of Packard and Pccrh'ss auto- 
mobiles used an internal expanding band clutch faced wath leather. 
Means of adjustment w^as provided by which the degree of ex- 
pansion relative to the movement of the expanding toggle linkage 
could be varied to some extent This adjustment wms very sensi- 
tive and required expert attention. If the clutch facing became 
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Constricting Hand Clutch 

worn or soaked with oil it was much more apt to slip than a cone 
clutch, so as soon as the leather facing had worn slightly and the 
adjustment had reached its limit, it was necessary to reface the 
band. This was done in the same manner as advised fo’ replace- 
ment of worn cone clutch frictions, though more caie is needed m 
truing off the face of the leather. 



Fig 325. — Clutch and Gearset of 1915 Cadillac Automobile. 


-An external contract iiig band clutch whicli was us(‘d on a num- 
ber of models of the Tla^mes cars is shown at Pig. 323. In this 
a contracting band is tightened around a steel drum attached to 
the flywheel ])y a simple leverage, as indicated An adjusting 
screw was provided for compensating for wear of the clutch band. 
In order to adj*ust the band the locking nut was unscrewed and 
the adjusting screw set to obtain the required amount of friction 
band contact. 
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rig. 326. — Outlining Construction of Modem Planetary Transmission Gearing. 
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Planetary Gearset Kepairs. — The simplest form of geared 
change speed mechanism is the planetary gearset in its various 
forms. It is not the simplest in construction, but it is the easiest 
to control. At the present time planetary gearing is seldom used, 
as practically all automobiles use the sliding gear type. There 
are many cars of early design, however, which use this form of 
gearing, and it is standard equipment on the Ford automobile. 
Various planetary gear constructions are shown at Pig. 326, That 
at A is an all spur type, no internal gears, such as were employed 
on the early forms being utilized. The shafts are divided, the 
one at the right is geared to the crankshaft and drives the gear C. 
Gear A is a running fit on the shaft, while gear E is keyed to the 
shaft at the left, from which the drive is taken. Pinions F, D and B 
are fastened together on one common shaft, so that they must rotate 
as a unit at all times. Three sets of these gears are provided, these 
being spaced equidistantly in the carrying case. To obtain the 
slow speed ratio a contracting band is clamped around the hous- 
ing L, and when this is held stationary the drive is from the 
gear C to the member D, from gear P which turns at the same 
speed as gear D to the large driving member E which is attached 
to the driving shaft. Reverse speed is obtained by tightening an- 
other band on the drum R. This drum is attached to the gear A 
so that wdien the brake is applied at R the gear A must remain 
stationary. On reverse speed the whole gear carrying housir^ 
must rotate about the gear A. From the engine shaft the power is 
transmitted to gear C, and from thence to gear D. As three 
pinions are fastened together any power imparted to these pro- 
duces motion of F and B also. When these three gears rotate, 
gear E is forced to travel over A, which is stationary, and thus 
produces rotation of the drum L. From gear D the power is trans- 
mitted through gears P and E to the rear. To obtain a high 
speed or direct drive the clutch member S is forced against the 
drum R so these two members must rotate together ; this locks the 
entire transmission and causes it to rotate as a unit ; as gear A is 
fastened to the drum R it must also rotate with it and the clutch S. 
This locks the gears P, B and D in position, and as they cannot 
rotate they act as a lock for the entire assembly. The driven shaft 
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at the left, therefore, turns at the same speed and in the same 
direction as the driving shaft at the right, which is connected to 
the engine. 

The planetary transmission used on the Ford automobile is 
clearly outlined in part section at Fig. 326, B ; the various adjust- 
ments and operating pedals are shown at Fig. 327, and a top 
view showing its location relative to the flywheel of the engine is 
shown at Fig. 328. The various adjustments are clearly outlined 
at Fig. 327. The operation is practically the same as the gear 
shown at A, there being three groups of planetary pinions P-1, P 
and K. These are riveted together so they must turn at the same 
speed. Gear P-1 meshes with gear D, which is keyi'd to a drnen 
member attached to the drum C. The drive gear F is mounted on 
the end of a bushing whicli is riveted to the brake drum D. The 
gear L is attached to the brake drum B. The clutch is a multiple 
disc type normally held in engagememt by a coil sj>ring 

Three brake bands are used for this transmission, the one that 
constricts around the drum C is the foot brake and acts to retard 
movement of the car regardless of whether any of the other clutches 
are engaged. Tightening a band around drum B produces a slow 
speed. When the band is tightened around the drum V or that 
nearest the flywheel, a reverse motion is obtained. To apply either 
the slow speed or reverse band it is necessary to break the direct 
driving connection by releasing the clutch spring tension and 
allowing one set of clutch discs to move independently of the 
other set. One set of the clutch plates is carried by the clutch 
case C which is keyed to gear D. The other set is carrn^d by a 
clutch disc earner which is supported by an extension of the en- 
gine crankshaft and prevented from turning by a set screw pass- 
ing through the clutch disc carrier hub into the sliaft. The ad- 
justment of the Ford clutch is a very simple operation, this con- 
sisting of releasing the set screws in the clutch fingers by pulling 
out the split pin that acts as a lock and turning in the adjusting 
screws. The slow speed adjustment is at the side of the gear case, 
and may be reached without removing the cover plate of the trans- 
mission which is necessary to adjust either the reverse clutch band 
or the foot brake band. 
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Fig. 327. — Illustrations Showing Method of Adjusting Clutch Bands of 
Ford Planetary Transmission. 
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Another planetary transmission which is incorporated with the 
jack shaft unit is shown at Fig. 326, C. This is used on the 
Koehler truck. In operation it is the same as that shown at A, 
as three brake bands are provided, one acting as a foot brake 
wdiile the other two provide the reverse and slow speed ratios, 
respectively. The contracting band on the transmission serves as 
a service brake. The entire jackshaft unit including bevel driving 
gears which derive their povrer from the engine, the differential 
and brake bands are enclosed in a cylindrical housing extending 
across the frame wdiich is lubricated by oil splash. The counter- 
shaft revolves on long mam bearings. When it is desired to adjust 
the high speed clutch of the transmissions shown at A and C it is 
necessary to release the locking means and screw the spider mem- 
ber carrying the clutch fingers in closer to the drum R in the 
transmission shown at A, while in the Koehler design a simple 
spring pressed plunger lock is provided. When it is desired to 
tighten the clutch this plunger may be withdrawn and the finger 
carrying spider screwed around as much as necessary. After the 
adjustment is secured it is locked securely by dropping the plunger 
in one of the holes made to receive it on the clutch female member. 

The chief troiilile with a planetary transmission results from 
slipping clutch bands. In all cases these are provided with ad- 
justments that can be tightened in event of wear of the friction 
linings up to a certain point. When the friction material wears 
thin, new brake lining must be riveted to the clutcli bands. Care 
must be taken when making adjustments not to tighten any of 
the bands too much, as if these bind on the drum they wull pro- 
duce friction which results in heating and wearing away of the 
brake lining and will also decrease the efficiency of powder trans- 
mission, Noisy action of a planetary transmission is usually caused 
by excessive wear in the gearing. Slipping of the high speed clutch 
may be easily remedied by making compensation for wear by the 
methods of adjustment previously described. When taking down 
a planetary transmission it is important to note the condition of 
the bushings on which the planetary pinion groups rotate. If 
these are worn or if the pins supporting them become reduced in 
size, the gears will rattle when in use and the transmission will 
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be noisy on low and reverse speeds and when in neutral position, 
though it will be silent in lietion on the high speed.' 

The brake drum surfaces often become grooved, and these 
may be deep enough as to seriously reduce the strength of the 



Fig. 328. — Top View of Two Speed and Beverse Planetary Gear 
Employed on Ford Cars. 


brake drum. Where this condition is noted new brake drums must 
be provided, though in some cases where the brake drum forms 
part of the gear containing case, as in the transmission shown at 
A, it may be possible to turn down the surface enough so that a 
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of cast iron or steel may be shrunk around the worn drum and 
securely retained to that member by pinning. It is also possible 
to fill in very deep grooves with cast iron melted in with the 
oxy-acetylene torch and then machining off the surplus material 
m a lathe or grinder to bring the drum to proper contour. As the 
gears are always in mesh in a planetary transmission the teeth of 
these members are not likely to wear much, practically all the de- 



l)reeiation existing on the planetary gear supporting bushings and 
pins. In some planetary transmissions the brake drum bushings 
are short and apt to wear. This also produces noisy action and 
these bushings must be replaced with new ones when worn. Care 
must be taken that all retaining keys and pins are not worn and 
that casing retaining screws are screwed up tightly. The instruc- 
tions given for multiple disc clutches in the beginning of this chap- 
ter apply just as well to the clutches used in planetary transmission 
when these run in an oil bath. 
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Friction Drive Faults aUd Itemedies. — Many cars have been 
sold throughout the country, but more particularly in the Middle 
West, equipped with friction or rolling traction transmissions of 
various types. The simplest form, and the one most widely adopted 
by automobile manufacturers, consists of tw^o discs, one driven by 
the engine, the other attached to a croi^s shaft in such a manner 
that it can he moved across the face of the engine driven member 
to give the various speed ratios. The ’movable disc consists of a 
flanged cast iron wheel that is faced with a ring of compressed 
straw^board or other fibrous material, that driven by the engine is 
generally faced with an aluminum-copper alloy, as this combina- 
tion has been found to give the best results and transmit powder 
without excessive pressure to maintain the parts in frictional con- 
tact. These drives have not been discussed in trade prints or books 
as much as the geared forms, as it is evidently assumed that their 
simplicity makes them easy to understand and maintain. Wliile 
there is very little to get out of order or cause trouble, it is possible 
that difficulty may be experienced in transmitting power and the 
mechanism condemned because one does not know where to look 
for trouble. 

The common trouble is failure to drive properly, and this may 
he produced by a number of distinct conditions. It may result 
from accumulations of oil on the frictional surfaces, which reduce 
the amount of frictional adhesion, brooming of the fibrous ma- 
terial, wear at the face of the aluminum member, spring or lost 
motion in the countershaft or lost motion at the various members 
of the pressure linkage that wmuld prevent positive contact of the 
friction elements. If the bearings supporting either the cross or 
main shaft are defective, or the thrust bearing to w'hich the pedal 
pressure is applied works stiffly, the increased friction at these 
points wdll cause serious diminution of pow^r. In case slipping 
is noted, the first point to examine is the contact surfaces and 
make sure that there is no excess of oil betw^een them. If oil 
deposits are seen, they may be removed with gasoline and the sur- 
face of the aluminum plate dusted over with talc or Puller ^s earth. 
If the metal surface of the driving member' is scored, grooved or 
roughened, it should be restored to a smooth surface by refacing. 
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It is possible to do this with a scraper without removing the driving 
disc from its shaft and turning it with the engine if care is used 
in manipulating the tool. The disc should be turned at high 
speed, and after the surface is smoothed to a certain extent so 
that the grooves are nearly eliminated, it can be surfaced by 
moderately fine emery cloth held in a suitable wooden holder and 
moved across the surface by hand. If the grooves are very deep, 



Fig. 330. — The Cartercar Friction Disc Transmission, 
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it may be necessary to resurface the member in a lathe by taking 
a light chip off the face with a cutting tool. 

The paper friction ring on the driven whed flattens out witli 
use and does not last long if the pressure applied to keej^ the mem- 
bers in contact is unduly high and the surface will become rough- 
ened as well. It is customary to renew the paper ring at intervals 
corresponding to about 2,000 to 3,000 miles average road use. If 
any tendency is noted for the driven member to crowd toward 
either the edge or center of the aluminum driving disc it can be 
attributed to w’ear in the countershaft or main shaft bearings that 
permits either member to sag, and then the line of contact does 
not come at the center of the discs which is necessary to secure 
proper transmission of power. Any condition that wull prevent 
positive or true contact of the friction members wull cause slipping. 
This means tliat bearings must be properly maintained and that all 
lost motion in the operating rods or pressure levers must be mini- 
mized. The countershaft should be very heavy and not liable to 
spring or give when the surfaces are brought together, and the 
frame member supporting the driving plate must be w’ell braced 
with strong gussets to prevent distortion wdien pressure is applied 
at the contact surfaces to maintain friction adhesion. 

Two typical friction transmissions which are similar in prin- 
ciple of action are showm in accompanying illustrations. That at 
Pig. 329 is a representation of the friction drive of the Metz auto- 
mobile. The view at Fig. 330 shows the arrangement of the parts 
of the Carter ear friction drive. The following instructions per- 
taining to replacing the fibre when worn applies just as well to both 
drives illustrated. One of the good qualities of the friction drive 
is the ease with which adjustments and replacements are made. 
The jack shaft wheel or driven member carries wdiat is termed 
a ‘‘fibroid"' in the Metz car, which is made in two sections to 
make for easy displacement as well as renewal. It is retained by 
a locking band secured by bolts as outlined in the sketch. For a 
period of time wear of the fibre rings is automatically taken up, 
but after considerable service and when it has become so worn that 
the clutch pedal must be pushed to its maximum position, a new 
adjustment must be effected in the distance between the friction 
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wheel and the driven member. This is obtained by adjusting the 
nuts on the clutch pedal and the drive plate bracket rods and 
with the clutch pedal released. To replace a worn fibroid with a 
new one the bolts are removed and the retaining band is pulled 
off of the driven wheel. The worn ring is removed in two pieces 
and the halves of the new member are placed on the rim and the 
ring or retaining band is again secured to the wheel by the bolt. 
The parts come all drilled and no difficulty will be experienced 
in replacing the new fibre friction correctly. 

Trouble in Sliding (Jear Transmission. — ^When sliding gear 
transmissions are employed the most common symptoms of derang(‘- 
ment are noisy operation and trouble in shifting gears. The diffi- 
culty met with in gear shifting, providing the trouble is not caused 
by a clutch that does not release promptly, is usually caused by 
failure of the edges of the teeth of the shifting members, and 
when these have burred over they will not pass readily into the 
spaces between the teeth of the gears they engage with. Another 
cause of poor gear shifting is depreciation of the bearings, espe- 
cially in those types of transmissions using plain bushings. Any 
wear or looseness that may change the center distances of the shaft 
to a certain degree will result in poor meshing because the relation 
of the gear centers is so changed that the pitch circles will not 
coincide and the tooth of the entering gear may bottom on the side 
of the gear with which it should mesh. Noisy operation when not 
due to mechanical depreciation is usually caused by a defective 
condition of lubrication. If the gears are not worn too much noise 
may be minimized to a large extent by filling the transmission case 
with oil of sufficient consistency to cushion the gear teeth, and yet 
not be so heavy bodied that it will not flow readily to all bearings. 
Difficulty in shifting is sometimes due to binding in the control 
levers or selective rods, and all points of the gear shifting mecha- 
nism should work freely if prompt gear shifting is required. 

If considerable difficulty is experienced in meshing the gears 
and the trouble is not found in the gearset, it will be well to exam- 
ine the clutch to see that the driven member furnishing power to 
the gearset primary shaft does not ‘^spin^^ or continue to revolve 
after the foot pedal is depressed. It might be stated in this con- 
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Fig. 331. — View of Jeffery Transmission with Cover Plate Removed at 
Top, Common Causes of Poor Gear Shifting Outlined in Lower 
Illustration. 


nection that on most of the modern ears having clutches of such 
construction that spinning may result, clutch brakes are provided. 
As these are used constantly the friction pad, which is often a 
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limited area, may wear, in w^hich case renew^al is necessary to 
restore the clutch to efficiency. 

Fortunately, most gear boxes are built in such a way that the 
interior may be readily examined. An example of a large opening 
provided in a gear box by removing a cover plate is shown at the 
top of Fig. 331. This is the gearset used on the Jeffery four- 
cylinder cars. The construction of the various gears as w ell as the 
selective members is clearly shown. The control levers are attached 
to the transmission cover plate, as indicated, but may be readily 
removed with the cover by taking out the bolts holding that member 
in place and uncoupling the emergency brake actuating rod. The 
speed selector, which is actuated by the gear shift lever, fits into 
suitable depressions in the sliding gear shift rod. 

In some transmissions of the sliding gear tyjie the high speed 
or direct drive is obtained by the sliding gear which provides the 
intermediate speed having a suitable extension from its face de- 
signed to mesh with an internal gear and thus form a positive 
driving clutch to couple the gearset main shaft portions together. 
When the teeth on the male clutch member become worn consid- 
erable trouble w’lll be experienced in securing positive engagement, 
and if the w^ar is such that the width of the teeth is materially 
reduced a new member will be needed. If the teeth are not worn, 
but are only burred over at the edges, they may be dressed to 
proper contour by using a very small, high speed emery wffieel on 
the end of a flexible sliaft or by removing the offending member 
and grinding it in any suitable machine. 

Some garage mechanics will anneal a gear in order to soften it 
sufficiently so that the rough piece may be smoothed wdth a file. 
Attempts are afterw^ard made to harden the gear and seldom do 
these result successfully. In modern gear boxes chrome and nickel 
alloy steels are used which demand careful heat treatment in order 
to secure the best quality of steel. Tliese have been carefully 
developed by scientific laboratory tests and heat treatments are 
seldom duplicated with the equipment available in the ordinary 
repair shop. The repairman should not anneal gears unless he is 
confident that he can treat them properly in rehardening. This 
means that the nature of the stock as regards its chemical com- 
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position must be known and that the best quenching point for that 
particular alloy must also be determined. The use of a small, 
high speed emery wheel will make it possible for the mechanic to 
dress the gear without softening it or altering its nature, as an 
emery wheel will cut hardened steel very easily. 

Whenever an old gear is removed and is to be replaced by a 
new one, it is well to make a rough sketch of the gear you desire, 
indicating the number of teeth, the pitch, the wddth, the diameter 
of the gear and the size of the hole going through it. This insures 
the receipt of a gear that will fit the defective gearbox, and not 
one for a later or earlier model car of the same make as that 
ivorked on. When the cover is off of the gearbox, as shown at the 
top of Pig. 331, it is jiossible to test the amount of wear between 
the shifting yokes and the portion of the sliding gear members on 
vhich they fit. On some selective gearsets there is not much space 
allowed ])etw'een the gear teeth, and if the shifting yoke wears it 
may be possible for the shifting gears to rub against one of the 
fixed gears on the counter shaft and produce noise. The mam and 
countershaft bearings may also be inspected and tested for loose- 
ness by grasping the shaft firmly and attempting to move them 
up and down or from side to side. 

If the various components of the gearset are found defective 
the gear box must be taken apart and given a thorough overhauling. 
The means of accomplishing this depends entirely upon the design 
of tlie change-speed gearing. In those cars w’here the gearset is 
nionnted under the floor boards as a separate unit, the entire gear- 
box may be removed without disturbing the power plant or clutch 
assembly. Gearboxes of this form are usually of the horizontally 
divided type, and when the top half of the gearbox is removed 
the various gears and shafts, as well as speed selecting members, 
are exposed as showm at Fig. 332, A, The first step is to remove 
the shifting members wdiich are shoe’ll shaded at A, this leaving 
the main shaft and countershaft in place as shown at B. The 
iiext operation is to lift the main shaft out, wdiieh leaves the gear 
box as shown at C. After the primary shaft is removed only the 
countershaft assembly and the reverse stud gear are left in mesh, 
as shown at D. Lifting tho countershaft out leaves only the bottom 
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Fig. 332. — Showing Steps in Dismantling Locomohile Four Speed 
Transmission. 


half of the gearset with the reverse stud gear in place, as indicated 
at E. To reassemble the gearset the reverse process to taking it 
apart is followed. First the countershaft assembly, which includes 
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the gears, the shaft to which they are keyed, and the supporting 
bearings and their housing, is replaced in position. Next the 
primary shaft member is put in, then the main shaft, and lastly 
the control members or shifting rods, until the gearbox is again 
as shown at A, and ready for bolting the top part in place. 

The bearings used on the ends of the countershaft are often 
of the ball form, as shown at Fig. 333, Different methods of re- 



Fig. 333. — Conventional Methods of Retaining BaU Bearing Inner Races 
on Sliding Gearset Countershaft. 


taining the bearing in place are followed. That jat A shows the 
use of a cap screw and clamping washer. At B a clamp nut is 
used to press the bearing inner race firmly against the shoulder 
on the shaft, while a lock nut keeps the clamp nut in place. A 
very simple method, and one that is entirely satisfactory, is shown 
at C. This consists of grooving the end of the shaft circumfer- 
entially and putting in a split ring, as shown at C. A common 
method of retaining the bearing inner race, and one recommended 
by ball bearing manufacturers, is shown at D. After the clamp 
nut is brought tightly against the face of the inner race a locking 
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wire is sprung around the nut and the point entered into a suitable 
drill hole which goes through the nut into the shaft as indicated. 
Another method having much in its favor is shown at E. In this 
a double row ball bearing is pressed against the shoulder by a 



Fig. 334. — Diagram Showing Construction of National Three Speed 
Sliding Gearset. 


clamping nut which is separated from the bearing inner face by 
a locking washer of the form shown at E'. This has one projection 
on its inner periphery designed to engage a keyway cut in tlie 
shaft. The projection on the outer periphery is intended to be 
bent around one of the facets of the nut to hold it in place after 
it has been firmly seated against the locking washer and bearing 
inner race. Complete instructions for the maintenance and instal- 
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lation of ball bearings and other anti-friction forms will be found 
in Chapter IX., whicli deals with rear axle cunstrnetion. 

The construction of a typical three speed forward and reverse 
selective transmission showing ball bearings and gear shift members 
IS clearly shown at Fig. 334. This has the gear shaft and emergency 
brake levers carried by a suitable supyiorting casting forming part 



Fig. 335. — Three Speed Sliding Gearset, Forming Part of Rear 
Construction of Overland Automobiles. 


of the gear case cover. In this gear box single row ball bearings 
are used at all points, except to support the telescoping end of the 
main shaft, which fits into the primary shaft and \\liich rotates 
on a roller bearing. The primary shaft is supported by two single 
row bearings, the outer one being clamped so it holds the shaft 
steady while the inner and larger one has a floating outer race. 
When a ball bearing is clamped on both inner and outer races it 
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will take end thrust as well as radial load. A thrust is usually 
an endwise load, while a radial stress is a load applied from an 
up-andMiown direction or sidewise. In this gearset the bearing 
inner races on the countershaft are pushed on tightly, these being 
a force fit on the shaft ends. No retention means are provided. 
The general construction of this gear box, which is that used on 
National cars, is so clearly shown that further description is un- 
necessary. 

A three speed and reverse sliding gear set that forms part of 
the rear construction on Overland cars is clearly shown at Fig. 



rig. 336. — ^Four Speed Selective Sliding Oearset of Approved Design. 


335. In this the primary shaft is carried on single and double 
row ball bearings, while the end of the main shaft to which the 
bevel driving pinion is secured is supported by a large double row 
bearing which is capable of taking end thrust and radial load in 
combination. The single row bearings on the end of the counter- 
shaft are subjected to radial loads only as the countershaft is kept 
from end movement by simple thrust members composed of a steel 
ball fitting into an adjustable screw plug. The gear shifting forks 
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Fig, 337, — Shawing Application of Three Speed Sliding G^arset to 
Studebaker Bear Axle. 


are attached to the gear shifting shafts by means of taper pins 
which may be driven out to release the forks and permit of taking 
the transmission apart by removing pipe plugs in the side of the 
gear case which gives access to the retaining pins when the sliding 
gear members are in the neutral position as indicated. ^ 

In some gear boxes, especially those used on high-priced auto- 
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mobiles, the gears are in the form of rings which may be bolted to 
the shifting members and to flanges on the countershaft as shown at 
Fig, 336. The point ad^v^anced in favor of this construction is that 
it is possible to renew only the defective toothed ring instead of 
replacing an entire shifting member as is necessary when the gears 
and hubs are formed integrally. It is also contend(‘d that the use 
of bolts to hold the gears flrmly against flanges machined integrally 
wit|i the countershaft makes for more secure attachment than the 
chefoer method of keying. The gear box design shown is used only 
on ^gh-powered cars, where secure means of retaining the gears 
are absolutely necessary. A gear box of this design is very costly 
to manufaclure, but it is cheaper to keej) it in rejiair than the 
simpler forms. 

The change speed gearing is oftmi combined on the rear axle, 
as shown at Fig. 337. This outlines a top sectional view tlirougli 
the rear construction and a side sectional view showing the dis- 
position of parts very clearly. It will be observed that the bevel 
pinion carried on the back of the main shaft drives the bevel ring 
gear attached to the diflerential housing directly. As the gear box 
IS part of the rear construction it is possible to secure exact align- 
ment between the driving gears, and no power is lost due to faulty 
alignment between these members as may sometinu's occur w^h^ft 
the gear box and rear axle are separate components and 
IS distorted due to rough roads. ^ ^ ^ 

A four sjieed gear liox ha\ing clutch integral, a somewdiat un- 
common construction, is shown at Fig. 338. This design is used 
on some models of the Winton automobile. Three shifting yokes 
are used, shift member A controlling the direct drive, wdueh in 
this case is a third speed, and the s^ond speed. Shift meniber B 
gives the first or low^est forward speed and the reverse ratio. Shift 
member C is used to engage the fourth speed, which is a high ratio 
obtained through speeding up gears iiist(‘ad of reduction gears. 
With gear sets of this character all normal driving is intended to 
be done on the third speed or direct drive. The geared-up fourth 
speed is called upon only wdien conditions are favorable and high 
vehicle speed is desired. This gearset is a form in wdiich but little 
clearance obtains between the shifting members and the non-shift- 
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mg gears, and is a form where depreciation of the shifting yokes 
may result m the gears grating even when ih neutral position. 

In those forms of gear boxes where the ends qf the shafts are 
supported by single row ball bearings with no special provision 
for end thrust, noisy action may r<‘sult in a very short time due 
to misalignment of tlie ball bearings at the end of the shaft. When- 
ever the shifting members are moved to change a gear a pressure 
of from 75 to 100 pounds is exerted through the shifting yokes on 



Tig. 338. — The Winton Four Speed Sliding Gearset, Having Geared TJp 
High Speed, and witli Olutch Carried in Gear Case Extension. 


the sliding gear members, and if these do not engage promptly 
this pressure becomes an end thrust in tlie ball bearing. It is only 
viien these are new and practically unused that this pressure can 
he resisted without pushing one of the ball races a trifle out of 
line with the other. As soon as the wear in a radial ball bearing 
amounts to a few thousandths of an inch, which does not appre- 
ciably affect the radial capacity of the bearing, the balls can yield 
to end thrust or lateral pressure to a certain extent and an end- 
^^'ise movement of the shaft results whenever an end thrust is 
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applied due to poor engagement of the shifting: gears. It is not 
only the pressure, from the gear lever that must be taken into 
account, but the endwise shocks received-in changing from a lower 
to a high gear also assist in producing depreciation at the bearing. 
The theoretically correct parallelism of the main and counter shaft 
is eventually lost if a Citable allowance in the dimensions of the 
different ball bearings does not serve to equalize the wear due to 
radial load in the ball bearings at both ends of each shaft. As 
the gear tooth pressure is highest at the ends where it is* trans- 
mitted with a large speed reduction to the low gear, this point 
applies specially to commercial vehicles in which the low gear is 
used more than in pleasure car service. 

Where the use of special end thrust bearings is considered too 
expensive, adjustable hardened end thrust*sustaining members, such 
as shown at Pigs. 335 and 33*8, may be used at the ends of the 
countershaft. Owing to the lack of solidity of aluminum gear box 
castings, it is usually the plan in constructions of good design, 
such as at Pigs. 332, 334 and 336, to mount tlie bearings in flange 
steel QT bronze housings in order to enlarge the areas over which 
the bearing pressures are transmitted to the soft aluminum. Noisy 
gear box action is sometimes produced due to thin gear box walls 
which possess sound magnifying qualities, and this feature, alone 
may multiply the volume of noise that would normally be caused 
by the gear action three or four times, especially if the beari^i bA 
located in such a way as to set the gear box in vibration ^\dien wo:^. 
The only way noise can be reduced is by keeping the ball bearings 
ip proper condition and filling the gearset with a viscous lubricant, 
such as pure mineral grease, which will provide a cushioning effect 
against the vibration produced by roughness in either gears or 
bearings. 
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Chassis Types — Dismantling a Chassis — Straightening a Bent Frame — Truss- 
ing a Weak Frame — Repairing Cracked Side Memlier — Care and Repair 
of Springs and Spring Parts — Compensating for Steering G©ar Detenora- 
tion^Drag Link and Tie-Bar Repairs — Testing Wheel Alignment — Radius 
Rods, Torque Members and Control Linkage — ^Univerjpal Joint Forms and 
Troubles —Front Wh^el Adjustment — Muffler Faults — Chassis Lubrication 
— Locating Acetylene Gas Leak. 

Even after the power plant and gearset have received attention, 
there are numerous points about the chassis of the car that should 
be inspected if a thorough overhauling is called for. The chassis 
of any well built car will need hut very little attention if the 
various parts are well oiled until it has been used froin^ ten to 
fifteen thousand miles. After this distance has been covered, the 
motorists will probably be annoyed by a series of squeaks and rat- 
tles, even though the engine and gearset are in perfect running 
condition. These rattling noises indicate wear at a number of 
relatively unimportant bearing points, and even though the depre- 
ciation is slight, the looseness at the multiplicity of small joints 
will produce a noise that wall be unmistakable whenever the car 
is operated on other than perfectly smooth highways. Among some 
of the things to be looked for are wear in the various control 
linkage members, sagging or bent frame side members, loose cross 
members or gusset plates, due to rivets having loosened up in ser- 
vice; stiff action of the springs, due to rust accumulating between 
the leaves ; looseness in the steering gear and steering connections, 
lack of alignment of the front and rear wheels, looseness of the 
wheel hub bearings, and numerous other conditions 4hat will be 
enumerated and discussed in this and the following chapter. 
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Pig. 340/*-Plaii View of ti|e Cadillac 1915 Chassis, Showing Location of 
Eight Cylinder V Motor and Unit Oear Set. 
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Chassis Types. — Before discussing the points to be inspected 
and the manner of making repairs when defects are found, it may 
be well to describe briefly some of the typical chassis constructions 
in order that the novice repairman may get an idea of the rela- 
tion of the parts in cars of conventional design. The side and 
plan views of a National four-cylinder chassis aise shown at Pig. 
339, all the important components being clearly indicated. This 
may be considered a good example of high grade car construction 
in which the power plant and change speed gearing are separate 
units. As is apparent, the engine may be removed from the frame 
without disturbing the cliange speed gearset while the gear box 
may be taken out without requiring the removal of the engine. 
Tlie general construction of this chassis is conventional and follows 
established automobile engineering practice. It has the virtue of 
having the parts readily accessible so that repairs may be easily 
made without disturbing other components except tliose that are 
to be w^orked upon. 

The plan view^ at Fig. 340 show^s a chassis of recent development 
l>roduced by the Cadillac Company winch is provid(‘d with an 
eiglit-cylinder V engine having the transmission gearing mcorpor- 
at(‘d as a unit with the engine crankcase. This construction is more 
accc'ssible than the usual unit power plant is, owing to the design 
winch permits of removing the transmission case from the engine 
base without disturbing the power plant. In all other respects 
this chassis follow^s conventional practice. The important jiarts 
are clearly shown and no difiiculty should be experienced in iden- 
tifying them on the actual chassis. 

The repairman will be more often called upon to repair motor 
trucks in the future than he has been in the past on account of 
the incri'asing popularity of the heavy duty vehicle. The chassis 
construction m the main follows the design established in pleasure 
car practice, execqiting for the use of much stronger parts and a 
tendency to use standard structural steel shapes for frames instead 
of the special pressed steel sida members commonly found in pleas- 
ure car service. The average truck chassis will have a pronounced 
overhang over tlie front and rear axles in order to obtain a body 
of sufficient size without unduly increa^sr the wheel base. Gear 
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Fig. 342. — Plan Vie# of Typical Oliain Driven Motor Truck Chassis. 
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driven trucks do not differ materially in construction as far as rela- 
tion of parts is concerned from pleasure cars of tlie present-day 
type. The worm drive and double reduction axles are rapidly 
gaining favor and the conventional side chain drive construction 
to which most of the trucks have been built is gradually being 
displaced by the more modem forms having a live axle instead of 
the fixed non-rotating member shown at Fig. 342. It will be re- 
membered by those who have had automobile experience, dating a 
number of years back, that many of the powerful pleasure cars 
were fitted with side chain driving systems. The power transmission 
M^as to a jack shaft which was practically a live rear axle having 
sprockets at the axle ends instead of wheels, and from that member 
to the rear wheels, which were revolved on a nonrotatabie axle by 
means of driving chains. The process of taking down a motor 
truck chassis and the points to inspect for depreciation would not 
differ materially from that used in repairing a pleasure car assem- 
bly. Owing to the use of solid rubber tires, a motor truck is 
subjected to much more vibration than a pleasure car, and con- 
siderable more attention should be given to the running gear 
parts, as these may become loose much sooner than on the pleasure 
car, where all of the load is carried by very resilient pneumatic 
tires. 

No treatise on automobile repairing would be complete without 
showing details of the Ford model T automobile, which is the most 
widely used motor vehicle in the world. The reader’s attention 
is directed to the very clear sectional view shown at Fig. 343 for 
an idea of the arrangement of parts on this universally used motor 
car. The various parts are clearly outlined and may be located 
by following the leader lines to their termination at the arrow 
point. The other end indicates the name of the component. The 
plan view at Fig. 344 gives an idea of the appearance when viewed 
from the top. 

Dismantling a Chassis. — The various steps incidental to dis- 
mantling a motor car chassis to give all parts a thorough over- 
hauling is shown at Fig. 345. The plan view showing the appear- 
ance of the chassis of a Locomobile car at A denotes the appearance 
after the body and fenders have been removed. It is always ad- 



698 


Automobile Repairmg Made Easy 


\isable to remove the body and the mud guards before any work 
is done upon the chassis, and in case of an extended overhauling 
much time can be saved by sending the body and guards to the 
jiamt shop while work is being done on the chassis. This is de- 
sirable because the finish of the body is much more important than 
that of the chassis parts, and it takes more time for the painter 
to do an enduring painting job on the body than on tlie running 
gear. The next step is to remove the running boards and running 
board irons, if these members are fastened to the frame by bolts. 
If the running board supporting members are riveted to the frame, 
it is not necessary to remove these unless the frame side member is 
to be re-enforeed. The wdieels are removed from the front and 
rear axles and the frame supported by special jacks. These may be 
easily made by using substantial cast iron base plates about a foot 
in diameter in which a piece of two-inch pipe is screwed. A 
sliding arm of cast iron made wuth either a cam or gib keylock, 
or having a strong set screw to keep it in place when it is set at 
the proper height, is adapted to move up and down the pipe. In 
some cases holes are drilled through the pipe and a stop pm used 
through it on which the supporting arm is allowed to rest. These 
frame supports have the advantage of not interfering with the 
removal of the various chassis components as they support the car 
weight directly under the frame sides instead of through the me- 
dium of the axles and springs as the ordinary lifting jacks do. 
Pour of these stands are used, two on each side of the car. 

The appearance of the chassis with the running boards and 
wheels removed is shown at Pig. 345, B. The next step is to re- 
move the radiator, the steering gear and the change speed gear 
controlling members. The clutch and brake pedal cross shaft may 
also be taken from the chassis at this time. This leaves the frame 
in the condition shown at C, Pig. 345. The next step is to take 
oif the rear axle, including the propeller drive shaft, torque mem-^ 
ber and radius rods. The chassis then has the api)earance as at D.^ 
After the removal of the change speed gearing the parts left arej, 
shown at E. The dashboard assembly and the engine are next taken 
olf the frame, which leaves the frame as shown at P. At this time 
only the front axle and rear springs are retained. AYhen all tlie 
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Fig. ^44. — Plan View Showing Location of Chassis Components of 
Pord Model T Car. 
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parts, including the front axle and the front and rear springs, are 
ifemoved nothing but the bare frame, as shown at G, is left. 

It is seldom necessary to strip a car down to the point shown 
at F or G, unless repairs are needed on the frame and the injured 
parts cannot be reached with the various power plant and trans- 
mission units in place. The reason for the removal of such parts 
as the motor, steering gear, change speed gear box and axles is 
that these can always be more conveniently worked on if supported 
on special stands adapted to receive them. Many of these have 
been described in an earlier chapter when speaking of shop furni- 
ture. Obviously the process of reassembling would be just the re- 
verse of that outlined for taking the chassis apart. Starting with 
the bare frame shown at G, one would add the springs and front 
axle as at F, then install the power plant and dashboard assembly 
as at E, couple up the change speed gearing as at D, then put in 
the rear axle and the various connections as at C. The steering 
gear, radiator and various control rods and levers would then be 
put in place, as well as the muffler assembly, which would bring 
the chassis to the almost completed state outlined at B. The addi- 
tion of the running boards and their supporting irons, the wheels, 
brakes and brake rod linkage, would then complete the chassis as 
i|hown at Fig. 345, A. 

The various retention means, such as bolts and lock washers, as 
well as other forms of lock members, are described in the chapter 
dealing with special repair processes. The most common form of 
But retention is by employing a split pin in connection witl^a 
castellated nut. A number of tools have been described for cotter 
pin removal, but many owners of cars do not possess anything but 
the t<>ols furnished with the repair kit. Two methods of doing 
this work easily which do not require the use of a special tool are 
shown at Fig. 346. One of the best ways for getting an ordinary 
split pin out of the hole is shown at the top of the illustration. 
The pin is grasped between the ordinary combination plier jaws 
and a hammer is used against the plier to draw out the pin. The 
other method, which is shown below, consists of inserting a steel 
drift pin or nail set through the hole in the cotter pin head and 
then striking the drift with a hammer. It will be found that the 
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removal of the^in will be expeditf^d eo^iderably by squeezing the 
ends together, if they are spreac^ pliers before attempting 

to withdraw the pin f|rpm the hole. ^ ^ 

A very good method 
of supporting the f^ont 
or rear end of a mo- 
tor car frame, if there 
are projecting parts, 
is shown at Fig, 347. 

This consists of plac- 
ing a flat bar of steel 
under the frame .pist 
liack of the spring 
horns, and by using a 
wooden horse or trestle 
under the iron bars to 
support the weight 
of the vehicle. The 
springs may then be 
taken otf without dis- 
turbing the axle and 
steering connection, if 
ihese are the only meni- 
liei’s that demand at- 
trition. If it becom(‘s 
iK'cessary to move the 
car at any time while 
the horse is in place, 
the space betw^cen the frame and axle may be filled by blocks of 
WT)od, which become teiniiorar^^ spacing members and w’’hich will 
]>ermit the weight of the car to rest on the axle. The same method 
may be used in supporting the frame in event of a complete over- 
hauling being necessary. 

Straightening Bent Frame Member. — One of the most common 
repairs to a frame is straightening a spring horn or dumb iron in 
event of a collision. A very simple and effective method of per- 
forming this work is showui at Fig. 348, providing that the ffame 



Fig 346. — Simple Method of Extracting 

Split Cotter Pins. 
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Pig. 347. — Outlining Method of Supporting Front End of Motor Car 
Frame When It is Desired to Bemove Either Front Springs or Front 
Axle. 



Fig, 348. — Showing Method of Straightening Bent Frame Side Member. 
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]s; bent forward of the radiator support and that the shock has not 
cracked or materially injured the metal. If the frame side is 
cracked it will be well to straighten it to its original form and then 
fill in the cracks with new steel by the oxy-acetylene process. If 
the frame is merely bent, straightening to its o’^iginal form will be 
all that is necessary to effect a permanent repair. The radiator 
should be removed, as well as the front axle and the springs. The 
front of the machine is supported by blocking under the frame 
members or by any suitable stand. The body should be raised from 
the chassis about four inches at the front end so that a loop of 
chain can be j)assed around the frame member to act as an anchor- 
age for a piece of joist used in straightening the side members. 

A piece of sheet steel is placed under the frame and supported 
by the box, the top of which has been covered with about 3 inches 
of sand. A rough furnace may be constructed of firebrick and the 
frame covered with charcoal, a slab of firebrick serving to keep 
the heat confined to tlie bent portion of the frame. A large gaso- 
line blow" torch is employed in connection with the burning charcoal 
and sufficient heat is applied to bring the frame side to a cherry 
red heat for several inches each side of the bend. The torch is 
set aside and wiiile one man carefully manipulates the jack, w"hich 
IS best placed against a piece of board resting on the frame member 
at the point wdiere the engine support is bolted or w"here a cross 
brace is riveted, an assistant facilitates the w^ork by hammering 
and contouring the heated section to bring it back into shape. A 
blacksmith’s “ flatter” should be interposed between hammer and 
frame in order not to dent the frame side as might be done if 
the hammer blow"s w^ere directed against the heated member. The 
straightening can be done only wdiile the frame member is hot 
enough to show color, and as soon as the redness is lost the torch 
must be again applied to heat the bent section before any further 
work is done. A block of wood may be interposed between the 
frame channel so the chain or bar loop at either end of the beam 
does not crush in the metal w"here pressure is applied. The sketch 
plainly show^s the manner of doing the work and the use of the 
tools to effect a very satisfactory restoration. 

Trussing Weak Frame. — The frame side members sometimes 
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sag after the car has been used for a period, especially if it is 
operated .at high speeds over rough roads, or in the case of a motor 
truck that has been made to carry overloads. A weak channel sec- 
tion member of this character can be made stronger by either of 
two methods. It may be re-enforced by a plate riveted to the 
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interior or it may be trussed by truss bar and turnbuekle arrange- 
ment. Sometimes a plate is added to both inside and outside of 
the frame and the whole held together by rivets or bolts. The 
best method where conditions permit is to use the inside re-enforce- 
ment as shown at Fig. 349, B. When correctly applied, and pro- 
portions properly worked out, this results in the greatest strength. 
The sketch shows two common methods, one correct, the other in- 
correct. Instead of using a wide flat plate, slightly greater in 
height than the inside distance between the upper and lower flanges 
of the channel, the re-enforcing member should fit the interior of 
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the channel closely, as at B. The "wide plate method shown at A 
is wrong* for two reasons, the first being that the main frame gains 
little strength from the plate and but a sJiiall amount from the 
fastening, where the mounting is such that these are subjected to 
internal stresses which may break them without considering the 
external forces acting on the frame. The fillet in the corners 
of the channel make the accurate fitting of such a plate a very 
tedious job, so that usually a compromise is accepted and the re- 
enforcing members driven in by brute force. 

The repair plan outlined at B is a much Letter one, as in this a 
wide sheet of fairly thick metal is forged to channel shape so it 
fits the inside of the frame closely. The contour of the interior 
of the section may be readily found by making a template of light 
sheet metal. The re-enforcing member should be just a trifle larger 
than the interior of the frame, as it must be driven in place when 
assembled. It is then attached to the side as well as at the top 
and bottom of the channel by bolting or riveting. These fastenings 
lend much stiffness and strength while the placing of the retaining 
bolts or rivets will not allow of any shifting of parts after the 
re-enforcing plate is once installed. While it requires a little more 
time to make than the former, it wnll give considerably more 
strength and last many times as long. If the weak spot or crack 
IS at only one point, a ten-inch plate will do, but if the weak zone 
IS wider than this greater lengths must be used. The method out- 
lined to the right of B involves placing plates on both sides as well 
as top and bottom of the spring horn. This repair is an unsightly 
one and a much better repair can be made by using the autogenous 
welding process instead of the clamping plates. No matter what 
process is employed, it is necessary to bring the injured portions 
of the frame together in the same relation they occupied before 
fracturing. 

Sagging side members in cars of the form where the engine and 
gear box are separate units may not be apparent except by diffi- 
culty in gear shifting, owing to lack of alignment between the 
clutch and gearset shaft or binding in the gear shifting mechanism. 
This condition is specially noticeable in cars using wood frames. 
When the construction permits, a truss rod forms a very effective 
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means of straightening up a sagging side member and preventing 
a recurrence of that trouble. The illustration at the lower part 
of Fig. 349 shows one method of re-enforcing a side member, though 
the adjustable member, to draw the frame together, can be just 
as well made in the form of a turnbuckle and placed on one side 
of the brace rod. In the cut letter A indicates the side member, 
B the repair plate with sliding bolts and lock washers, C the truss 
rod and manner of attachment, D a bolt with an enlarged support- 
ing head, E the flat enlargement of the truss rod to secure sufficient 
metal to have a hole to receive the truss bolt D, P a tension nut 
on the fetjQss bolt. The advantage of this repair is that it may 
be nig|lte at any country blacksmith ^s shop, whereas the fitting of 
a tlirnbuckle usually requires machine sliop facilities. The bolt 
IS placed under the cracked portion indicated by X, and tension 
IS produced in the truss rod C by screwing down tlie nut F on 
the bolt D. The truss rod may extend from the front to the rear 
end when the side member is sagging, and would be longer than 
that indicated for supporting the cracked side members. In this 
case the truss would resemble that used m bracing freight car 
floors, in that it would have two supporting members in the form 
of castings under the frame spaced far enough apart so there will 
be a length of straight rod joining them in which the turnbuckte 
w^ould be placed. The best method of anchoring the ends of a 
truss rod to a frame is to make an eye member in each eild of the 
rod and to have a forged I member with a flattened portion that can 
be fastened to the frame side by substantial bolts to attach the 
rod ends to. Care should be taken in tightening up the truss mem- 
bers not to buckle the frame side rail to the other extreme after it 
has been straightened out. 

It is not unusual to find the rivets at the corners of a frame 
or those holding cross members and gussets or re-enforcing plates 
loose. If they are not very loose, satisfactory repairs can often 
be made by peening them over again, using a heavy hammer and 
a suitable anvil or rivet set to receive the force of tlie hammer 
blow. A rivet set for frame work may be easily made by taking 
a large bar of square or round section iron or steel, three feet long 
and two inches in diameter, and turning up one end at right 
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angles to the bar about three or four inches back fiom the end* 
Both ends are then tapered down so that the area is approximately 
an inch square. A suitable counter sunk depression is then made 
to receive the rivet head at each end of the bar; one may also be 
placed on the side of the bar about an inch from the end. This will 
permit the use of the same bar in corners as well as on rivets so 



Fig. 350. — Showing Construction of Semi-Elliptic and Three-Quarter 
Elliptic Springs. 


placed that the length of the bar does not prevent it being held 
against the rivet heads. Two men are required to do a good job 
of riveting, one to manipulate the riveting hammer, the other to 
hold the bar up against the rivet and absorb the impact of the 
hammer. If the frame members are very loose it indicates that the 
rivets have become reduced in diameter and partially sheared. 
In cases of this kind nothing will be gained by peening the rivet 
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heads over more. The onlj^ safe remedy is to chip off the rivet heads 
with a sharp cold chisel and then knock them ont of the holes with 
a steel drift. The holes are then drilled to the next larger standard 
rivet size and new rivets secured. These are usually of Norway 
iron, and should be heated to a red heat in a gas or coal forge 
before being headed up. 

Care and Repair of Springs and Spring Parts. — There is no 
more annoying condition to the motorist who desires a smooth run- 
ning and quiet car than continual squeaking noLses due to dry 
running gear components. If the springs squeak continuously, and 
their complaint does not cease after a thorough oiling of the sus- 
pension joints and shackles, there is no cure other than intro- 
ducing lubricant between the leaves. The best method of doing 
this is to take the springs apart and place liberal quantities of 
graphite grease between the leaves before assembling them and 
remounting. Before commencing operations the cliassis should be 
securely supported and blocked up to take the load off both springs 
at the front or rear, as the case may be. A good method of doing 
this is to lift the ear by jacks and support it from the spring 
hangers by a heavy iron bar or wooden beam placed directly under 
them and betw^een the springs and the frame, as shown at Pig. 347. 
The weight may be taken by a wooden trestle or suitable blocking. 
Another method is to relieve the weight of the car by raising the 
cross piece with a chain fall or portable crane. AVhen, the load 
is taken from them, the springs wall assume their natural position, 
and it wall be comparatively easy to release the spring clips holding 
them in place at the axle and the shackles and take them apart 
Wlien reassembling, fill up all of the holes in the shackles and 
bolt eyes with grease. "While the spring leaves are separated it wall 
be well to remove all rust from the surfaces by scraping and then 
smoothing wdth coarse emery cloth. 

Various types of springs that have received general application 
are shown in illustrations Figs. 350 to 353, inclusive. That at 350, 
A, is one of the most popular spring types and is called the '^semi 
elliptic the form at B is known as the ‘^three-quarter elliptic.' 
A platform spring suspension consisting of two semi-elliptic spring'- 
parallel to the frame side member and one semi -elliptic spring par 



709 


Springs and Spring Parts 

allel to the rear cross member joined together by douole shackles 
IS shown at Fig. 351. The cantilever form of spring which is now 
assuming some prominence is shown at Fig. 352. The ^ ^ full elliptic 
spring/’ outlined at Fig. 353, is not as popular as it used to be, 
and IS found on cars of several years back rather than on pres- 
ent-day models. There are two notable exceptions, however, the 
Franklin and the Jackson, which still use the full elliptic eon- 
.struction. 

It will be observed that there are a number of points about 
springs that demand attention besides the spring leaves. These 
include the spring supporting shackles, the shackle bolts, the spring 



Fig. 351 — Arrangement of Platform Spring Suspension. 


r(daining clips, and the rebound clips. There is considerable di- 
versity in the design of the spring leaves and the finish at the 
end of each member. The nomenclature of the various finishes 
recommended by the S. A. E. is clearly illustrated at Fig. 354, A. 
The usual construction of a spring clip is shown at B. The ap- 
I'roved type of spring shackle is shown at C. As will be apparent, 
tliis member consists of two side links and two bolts holding them 
in place to the spring eyes. On modern cars the bolts are provided 
with small grease cups and with passages drilled through them, 
through which lubricant may be introduced to the bearing surfaces. 
The spring eyes are bushed with bronze bushings, which may be 
renewed easily when worn. On cars several years old this pre- 
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caution was not t^en except on those grade makes where tln' 
cost w^ such as to warrant the expense. To-day, practically all 
cars, even though selling at moderate prices, are provided with 
this refinement of detail. Wiiere no provision is made for lubrj- 



Fig, 352. — Cantilever Spring, as Used on 1915 Automobiles. 

eating the shackle bolt, and wdiere the hard steel spring eye bears 
directly against it, it is not nniisnal to find these bolts worn hall 
way through after a season ^s use. Even when the bolts are of tho 
lubricated type, it will be found advantageous to take them out 


711 


Springs and Spring Parts 

occasionally and ckmn out any hard grease that may have accumu- 
lated in the passages or between the bolt and the bushingl. With 
the old construction the bolts were usually left soft so as not to 
wear the spring eye. For this reason they wore rapidly ^The only 
remedy is to replace the worn bolts with new jnes of the proper 
size. 

If dismounting the springs is considered to be too strenuous 
a task, graphite and oil may be introduced bet^veen the leaves by 



Fig. 353. — Application of Full Elliptic Springs for Supporting Bear of 
Automobile Chassis. 


using some form of a spring spreader. Block up any lifting jack 
so that w'hen the ram is at the lowest point it can just be intro- 
duced between the blocking and the lower flange of the frame at 
the spring hanger supporting the spring hrst operated upon. If 
the jack is screwed up until the tire is rarsed clear of the ground 
this wull cause the weight of the wdieel and a portion of the axle 
to be suspended from the frame through the spring, and if no 
rebound clips are provided and the spring retaining clips are 
loosened slightly, the leaves wull probably be easily separated by 
the introduction of a spring spreader. The graphite grease may 
then be introduced between the leaves with a piece of tin or oil 
may be applied with a hand oil cup. A handy device for use 
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in garages, and one that can be easily made by tlie repairman, is 
shown it Fig, 355, A, This is easily forged out of soft steel, ami 
if necessary the wedge-shape tips may be case-hardened. Tho 
handle should be made of such length that no great amount of 
strength will be needed to spread the springs. The method of use 
IS very simple and is clearly shown beneath the cut of the tool. 
Another form of spring spreader which may be procured of any 



Tig. 354. — A — ^Defining Designation of FinisheB of Spring Leaf Ends. 
B — Showing Construction of Spring Betaining dip, O — Section of 
Spring Shackles Using Lubricated Shackle Bolts. 

accessor}^" dealer and the method of use is shown at Fig. 355, B 
This has the advantage of being readily adjustable for different 
widths of springs. 

A simple device that has been recently introduced for th' 
purpose of feeding lubricant between the leaves of a spring con 
tinually, and just where the lubricant is needed, is shown at Pig 
355, C. This is known as the Dann insert, and is a piece of special 
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flexible metal, having machine-punched, staggeWd holes shown. 
These holes are filled with a special grease having a melting point 
of over 200° Fahr., and on both top and bottom 6f the ^ metal 
strip a piece of prepared wax paper is placed to retain the lubri- 
cant lodged in the holes of tJie metal strip. The strips are cut to 
the proper length and placed between each pair Df spring leaves. 
The inserts may be procured in sets, all cut to proper length, for 
the springs of standard cars. It is stated that after the inserts 
are placed in a spring the rubbing action tends to wear off the 
wax paper and permits the grease to flow between the spring 
leaves. As the grease is retained in pockets, it is not apt to 
run out at the sides of the leaves and spoil the finish of the 
car. 

The following advice on the care of motor truck springs was 
taken from a paper read by John G. Ftz before the S. A. E., and 
as many of the points mentioned therein apply just as well to the 
frame supporting members of pleasure automobiles, they are re- 
tained and can be followed to advantage by the motorist and re- 
})airman as well as the motor truck driver. 

Keep Clips Tight. — Spring clips should be inspected at least 
once a week and tightened as much as possible. If the clips be- 
<'ome loose, the spring will break between the clips. If there is 
undue stretching of the clips, the difficulty might be overcome by 
having new clips made of better material, as it is always cheaper 
to replace clips wliicli are too light than to have broken springs 
as a result. The bearing place upon wdiich the spring rests on the 
axle should absolutely conform to the curvature of the spring at 
that point, as sufficient bearing surface is just as important as 
light spring clips. 

Hints on Repairs.— If a spring plate sliould break, it is im- 
portant to have it repainnl or replaced immediately by a skilled 
‘S])ring maker. Quite often a break in a plate occurs at a place 
where it does not immediately cripple the entire spring, but it is 
simple to understand that the breaMng of one plate throws extra 
work upon the other plates which will break in turn. If one of 
the intermediate plates should break at the center bolt, the spring 
clips should be tightened down until it is possible to hare 



714 


Automobile Repairing Made Masy 



Fig. 355. — ^Methods of Inserting Lubricant Between Spring Leaves to 

Prevent Squeaking. 
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th(* break repaired. Very often rebound clips are loose and 
broken. Missing rebound clips very often resume in bioken main 
]>ldtes. 

On chain drive trucks there is always an ample allo wance for 
adjustment to offset the stretch and wear of tiiL chains. As the 
chains become stretched to a great extent, it is w^se to remove an 
entire link and then shorten the adjustment so as to keep the 
spring shackles (at each end of the spring) standing at about the 
same angle. 

A spring is a complete unit as produced by the spring maker. 
The removal or addition of a plate entirely disarranges the grading 
of the original plates, and should never be practised under any 
circumstances. It is also very bad policy to replace a broken plate 
l)y any plate tliat happens to be of the same width as the spring. 
It is far more desirable to let a competent spring maker attend to 
the repair or replacement. 

In view of tlie preceding, there follow’s a list of things to be 
observed in the operation and care of the truck, if there is a desire 
to give the springs a fair chance to offer their longest life. 

Rules of Reason. — A. — Evenly (iistri])ute load. Prevent shift- 
ing of load, B. — Do not overload beyond rated capacity. The fac- 
tor of safety allowed by tJie maker is for the owmer’s protection as 
uell as tlie maker's, C. — A wdieel out of round due to flat spots on 
a solid tire, imposes a severe and dangerous shock upon the springs. 
Keep the wdieels round. D. — Keep excessive side play out of 
shaekles and hangers to minimize the lateral sliock on the springs 
wlien on rough roads. F. — Give careful attention to all parts sub- 
ject to friction. Keep them amply lubricated, as an excess of grease 
keeps the dirt out, F. — Take corners slowly, without or with load. 
G. — Back into a curbstone or platform gently as your radius rods 
might buckle and throw the jolt upon the springs. In driving the 
front wdieels against a curb or any obstruction, the shock must be 
taken by the springs alone. II — When loaded, drive gently over 
rougli road or obstruction, remembering the frame is rigid and the 
springs must take the distortion. I. — Drive at moderate speeds at 
all times. Remember solid tires have little resiliency. J. — If you 
have to tow a car, or have your car towed, hiteli the tow-rope to 
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the frame, not to the axle. K. — If an accident ocenrs, and a spi'intr 
hanger, or the frame near the hanger is bent, have it straighteiivd 
at once. A spring distorted by a bent hanger is liable to break 
under load, L, — When adjusting chains, remove a link when the 
adjustment would throw the shackles to a bad angle. M. — Keep 
spring clips tight at all times. If a center bolt should break, due 
to loose clips, replace it at once. N. — On a crowned road, drive as 
nearly in the center as possible, as driving to the right throws an 
extra load on the right-hand spring. 

^ Compensating for Steering Gear Deterioration. — One of the 

most important parts of the chassis assembly and one that should 
never be overlooked in overhauling is the steering gear, because it 
is upon this important control element that the safety of the car and 
passengers depends. The steering gear should always be kept ad- 
justed to the point where the wheel will turn freely and yet not 
have any back lash. The steering gearing consists of the steering 
column, the wheel supporting knuckles on the front axle, the tie- 
bar that joins the steering spindles together and the drag link which 
acts to transfer the movement of the steering arm to the front axle 
members. Typical steering columns are shown at Pig. 356. That 
at A is the most common form and utilizes a worm at the lower part 
of the steering post to which the hand wheel is attaeli(‘d, meshing 
with the worm gear which actuates the ball arm. A sectional view 
of the reduction gearing is shown in the inset A-1. The other form 
3f gear generally used is known as the thread and nut form and 
has a worm at the lower end of the post which rocks the steering 
arm sometimes called the ‘‘pitman” arm or “ball” arm by means 
of two half nuts, one of which moves up and the other down' when 
the worm is turned by the hand wheel. This reciprocating motion 
of the half nuts is transferred to the pitman arm by an oscillating 
member against which the ends of the half nuts bear and which is 
attached to the shaft that rocks tlie^steering arm. 

Another form of thread and njflt steering gear is shown at Fig 
357. In this the nut is a full member encircling the screw and 
carrying projecting pins which engage the forked arms attached to 
the steering arm actuator. As will be apparent, when the screw is 
turned by the hand lever, the nut is raised or lowered, depending 
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356^ Outlining Construction of Typical Steering Gears. A. — ^Wonn and Sector Type. B. — Screw and 

Nut Pattern. 
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Upon the direction m which the screw is turned. This up and down 
motion of the nut is transferred to the steering actuator through 
the medium of the small pins working in the forged yokes attached 
to the steering arm actuator shaft. The steering gears described 
are of the irreversible form, i. e., motion of the road wheels does 
not affect the hand wheel. Many other arrangements have been 
used for steering gears, one of the popular forms being the bevel 
pinion and sector arrangement used on Reo automobiles which is 

shown at Fig. 358 
The bevel pinion moves 
the bevel gear sector 
back and forth as it is 
turned, this motion be- 
ing transferred to the 
steering arm attached 
on the same shaft to 
wliich the bevel gear 
sector is fastened. 
While this steering 
gear is effective, it is 
not irreversible and 
motion of the road 
wheels may move the 
steering wheel. 

The common fault 
with a steering gear of 
any type after it has 
been in use for a time 
IS back lash in the re- 
duction gear. By this is meant the ability to turn the hand wheel 
back and forth a certain portion of a revolution without effecting 
a corresponding movement of the front wdieels. There are a num- 
ber of points where this back lash may exist. It may be present 
in the reduction gear of the steering column itself or may be du(‘ 
to depreciation or poor adjustment of the various rod ends in the 
steering linkage. Considering first the reduction gearing of the 
worm and worm gear type, as shown at Fig. 356, the point that 
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Fig. 357. — Internal Construction of Screw 
and Nut Reduction Steering Gear. 
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will wear soonest is 
that portion of the 
worm gear that meshes 
with the worm when 
the wheels are set for 
straight ahead going. 
The reason that this 
depreciation is present 
at this point more than 
at the other teeth of 
llie worm wheel is be- 
cause tliis point is most 
widely used, the move- 
ment of the worm be- 



Fig. 358. — The Eeo Bevel Pinion and Sector 
Steering Gear. 


ing very slight except when turning a comer. Attempts are often 
made to take out this back lasli by bringing the worm gear into 
closer arrangement with the worm by the use of eccentric bushings 
in which the worm ^heel shaft is supported. The eccentric bush- 
ing serves very well if the back lash is due to poor adjustment 
rather than depreciation of the worm wheel teeth. It is possible on 



Fig. 359. — Showing Method of Operating 
Spark and Throttle Levers at the Base 
of the Steering Column. 


most gears to remove 
the steering arms, give 
the steering wheel a 
half turn and then re- 
place the full worm 
wheel so the unworn 
portion opposite to the 
worn teeth will be 
brought into engage- 
ment with a compara- 
tively unworn portion 
of the steering worm. 
The eccentric bushings 
in this case can be used 
to secure correct mesh- 
ing of the worm and 
worm wheel teeth. 
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As considerable end thrust exists at the top and bottom of the 
worm when the hand wheel is turned, ball thrust bearings are used 
to resist the end pressure and make the 's^orm easy to operate. If 
these beaiiiigs tecome gujumed up with dry grense or if the balls 
or laces become roughened, the steering gear will work hard. If 
the ball bearings are not properly adjusted, an up and dowui mo- 
tion of the steering post wall be possible. If the steering post is 
loose in the steering gear case it is on account of w'ear of the plain 
bushing in \vhich it turns. These bushings are best rei)laced by 
new ones when worn. 

I|3l type of steering gear sliown at Fig 35G, B, tli(‘ half nuts 
ar<i 8^|etimes of babbitt metal and if not })roperly lubricated will 
deteriorate quickly. The hardened steel screw' seldom show’s any 
signs of w^ear and if lost motion exists it is generally due to dt'- 
preciation of soft half nuts. The best method of rejiairing is to 
replace these with new members In the type of st(*ering gears 
shown at Fig. 357, the nut is usually made of hard lironze and the 
screw of hardened steel. Very little depreciation w'lll exist in a 
gear of this nature unless lubrication has been n(‘gleet(‘d. There 
are two plain bushings which may w’ear that su]>port the steering 
post, also tw’o plain bearings on which the steering rod actuator 
shaft rocks. Any looseness due to depreciation of the bushipgs can 
only be eliminated by replacing w’lth new^ bushings. If the nut 
becomes w'orn it is cheaper to supply a new one than to attempt 
to use the old one. 

Back lash or lost motion in the bevel gear and sector steering 
gear showm at Fig. 358, when not due to depreciation of the plain 
bearings supporting the steering post and steering shaft may be 
compensated for by serewung in on an adjustment screw winch 
carries a roll at its low^er end, bearing against the back of the bevel 
gear sector. This tends to keep the pinion and sector ieeth in con- 
tact and eliminates lost motion betw’een them. Practically all steer- 
ing gears are provided with grease tight casings and should be 
packed with lubricant at least every season. The plain bearings of 
most steering gears may be lubricated through the medium of com- 
pression grease cups as shown at Fig. 358, or oil cups as shown at 
Fig. 356, A. If care is taken to sujiply these bearing points with 
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the pi^oper quantities of liibricaril^ but little t/ouble will be experi- 
enced due to depreciation of the plain bearing. ^ . 

Many steering geans have the motor speed control levers car- 
ried above the hand wheel by a fixed sector which^is supported ^ 
a tube passing through the center of the hollow' steering past and 
clamped at its lower end to a non-rotating aneliorage plate which 
keeps the sector from turning, as the hand wheel is moved in steer- 
ing. Through the center of this anchored tube, another tube passes, 
111 the interior of which is carried a rod as shown at Fig. 360, JL 
The short control lever is pinned to the rod passing through 
center of the steering column while the long control lever whiS^^ 
works on the outside of the segment is attached to the tube sur«^ 
rounding tlie center control rod. At the lower portion of these 
members a’pair of small bevel sectors is carried as shown at Pig. 
359. Tiiese sectors engage coaeting members w^hich operate the 
spark and throttle levers with which connections are made to the 
carburetor throttle and to the magneto contact breaker. When dis- 
mantling the steering column it is important to take out the center 
control tubes and remove all the rust that has accumulated between 
them. They are then smoothed and cleaned Mitii emery cloth and 
coated with graphite grease before reassembling. In many cases, 
when movement of the control levers does not produce a corre- 
sponding motion of the timer or throttle, it is because the small 
levers Or bevel sectors at the lower portion of the steering column 
have become loo^ on th^r actuating tubes or rods The usual 
method of fastening these members is by friction clamps and the 
trouble is easily remedied by tiglitening the clamping screw’s more 
firmly after the various parts have been located properly. This 
may be done by setting the control lever at the retard position on 
the sector and making sure that the magneto contact breaker or 
timer is also at full retard position. When setting the throttle con- 
trol lever, that member may be moved down to that portion of the 
sector corresponding to a closed throttle and making sure that the 
throttle is closed at the carburetor before tightening the clamping 
screws at all points. For instance, if the construction of the con- 
trol levers is as at Fig. 360, A, and the lower portion of the steer- 
ing post is as at Pig. 359, it wdll be necessary to tighten four clamp- 
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Fig. 360— Showing Method of Supporting Spark and Throttle Levers at the Top of Steering Column. 
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ing screws in order to lock all parts firmly together. Two of these 
clamping screws are in the small bevel sectors while the others are 
in the levers, one at the bottom of the steering column, the other 
at the top. There may be a tendency at times for the entire toothed 
segment to turn with tlie steering wheel which causes the engine 
to race or which shuts it off altogether when turning a corner. This 
annoying condition is due to looseness of the sector supporting tube 
in the anchorage plate at the bottom of the steering column. If 
difficulty IS experienced in keeping this tube tight, the trouble is 
due to deposits of rust between the sector supporting tube and the 
Ulterior of tlie liollow steering column. The only .remedy is to re- 
move the sector retaining tube from the interior of the steering 
column and remove all rust deposits and coat the parts liberally 
with lubricant licfore reassembling. 

The control levers at the top of the steering column are usually 
of the form at Fig. 360, A, though in some cases the construction 
sho\Mi at B is used. After the car has been used for a time the 
fine teeth on the sector may become burred over and the ratchet 
plungers may be rounded by constant friction with the teeth so the 
levers no longer stay in the places A\here they are set. The remedy 
for this condition is obvious. The teeth in the sector must be recut 
vith a fine, three cornered file and the ends of the ratchet jilungers 
must ])e repouited by grinding and tlie springs keeping them 
pressed against the sector should be strengtliened by lengthening. 
When the friction block arrangement as shown at Fig. 360, B, is 
eniploy(‘d, any tendency to slip may be easily remedied by tighten- 
ing u}) the s})ring tension adjusting nuts shown. The increase in 
spring strength augments the friction between the friction block 
and tlie side of the casing and serves to retard too free movement of 
the control lever, 

A eom])lete steering gear assembly witli all parts clearly indi- 
cated is shown at Fig. 361. Tins shows the various points where 
liaek lash may exist and the resulting lost motion produce erratic 
steering. Taking these up in order, we have first the bolts support- 
ing the wheel sjundles in the yokes at the end of the axle, and the 
bushings m the wheel spindle itself. Next we have the pins and 
rod ends at the end of the tie rod, then the connections at eaeh^ 
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end of the drag link. The point where the steering arm fastens 
to the steering gear should also be inspected to make sure that the 
arm is firmly clamped to its actuating shaft. On practically all 
cars, removable bushings are provided in the steering spindle which 
may be readily removed and replaced with new when worn. The 
ends of the tie rod have the bolts in tliem a tight fit and usually 
screw through the lower portion of the rod end. This means that 



Fig. 361. — Showing Important Linkage of the Steering System, 


the wear will come on the bushing in the steering arm that extends 
from the spindle instead of in the rod end. 

The various steering gear parts that demand inspection are 
grouped at Fig. 362. The section at A shows a worm and worm 
sector steering gear with the upper half of the gear case removed 
to expose the gearing. This form is subject to the same trouble 
that the full worm gear and worm arranfement previously de- 
scribed is, but in event of wear of the sector teeth it is not possible 
to turn this^over and obtain a new set of bearing surfaces. Practi- 
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cally the only remedy when this construction is followed^ is to re- 
place the sector with a new one. Of course, jf the lost motion is 
due to poor adjustment, the usual eccentric bushing method of 
bringing the teeth into more intimate contact may be used. The 
arrangement of the rod ends used on the drag link and designed 
to operate in connection with the balls usually provided at the 
end of the steering arm is shown at B. As will be apparent, 
the ball rests between two plugs having semi-spherical depressions 
that act as a ball seat. One of these plugs is pressed against the 
ball by a substantial coil spring, while the other adjusting plug 
is brought in contact with the ball with a threaded adjusting plug. 
As the ])all can only be introduced in the socket when the adjust- 
ing plug is out, w’hich permits the small section of the steering arm 
to ht the slot, it will be apparent that even if this joint should 
loosen that it would be practically impossible for the ball to come 
out. In event of lost motion being manifested this may be easily 
taken up by loosening the clamp bolt or removing a split pin lock 
sometimes proMdcnl and screwing in the adjusting plug until all 
lost motion is eliminated. 

The usual steering knuckle assembh^ is shown at P^ig. 362, C. 
It will be observed that the bolt acting as a bearing for the steer- 
ing knuckle and passing through the top and liottom of the steer- 
ing yoke is pro\ided wuth a grease cup at the upper part m order 
that the joint may be ke]>t thoroughly lubricated. After the front 
wheel has been properly adjusted, if it is desired to find if there 
IS any looseness in the steering knuckle, the w'he<d should be grasped 
by opposite spokc's, one at the top, the other at tlie bottom and wuth 
the leverage thus provided endeavor to shake the knuckle on its 
supporting bolt. If there is any lost motion the bolt should be 
removed and its bearing surface examined. If it has been cut into 
or is reduced in diameter at the bearing points a new bolt should 
be provided. If tlie bushings in the steering knuckle are 'wmril 
they should be driven out and new ones supplied. 

Some inexperienced repairmen and many motorists are inclined 
to believe w^hen they fiist see a dished front wiieel that the front 
axle has sprung and that the construction is faulty. There is a very 
good reason for tilting the wheel as shown at Pig, 362, D. This 
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is to obtain ease in steering and the usual angle of inclination is 
about three degrees. Without going into an involved explanation 
of the reason for doing this it may be stated that it is a mechanical 
I>rinciple that the nearer the center of the swindle bolt and the 
fnvot point of the wheel are to an alignment, ne easier the car 
will steer. If it were possible to bring the center of that part of 
the tire which is upon the ground to a point exactly under the 
joint of tlie steering knuckle the arrangement would be ideal. To 
secure this alignment or to get as near to it as is practical with 
the accepted Elliot steering knuckle construction, it is customary 
to tilt the wheel. In the case of the Ford car, a plumb line dropped 
through the spindle bolt wnuld strike the ground about twn inches 
from the pivot point where the wdieel tire rests on the ground. The 
diagram makes this point clear. It is customary to find the front 
wheels of large cars dished in the same manner so this point should 
not be contused wuth lack of alignment in a horizontal plane 
which will int(*rfere with correct steering and result in rapid tire 
w ear. 

Testing Wheel Alignment. — A splendid opportunity is present 
during the ()\ (‘rhaiiling period tor aligning the wheels and axles 
wliieh should be done to make sure that they Inne not moved out 
of their correct position. But little ajiparatus is needed to make 
these trials, the outfit consisting of tw^o chairs, tw’o heavy pieces of 
wood, and two lengths of stout cord. One chair is placed at the 
rear of the chassis, the other at the front as indicated at Fig. 363, 
The chairs are located as near as possible to the center line of the 
machine and after the cords have been adjusted the chairs are 
s])read apart enough to tighten the cords. In order to prevent 
movement of the chairs wdien they have been properly placed they 
may be weighted down with iron or steel parts. The important 
thing to do IS to have the cords parallel to the frame side member 
and to have the member on the right just the same distance aw^ay 
from the right hand frame rail as the left hand cord is from the 
left hand frame rail. A common defect of alignment of the front 
w’heels is show'ii at A. In this case the tie bar is too short and the 
wheels are nearer together at the back than they are at the front. 
The opposite to this condition is shown at B, in which case the tie 
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bar member is too long and the wheels are nearer together at the 
front than at the rear. Either of these conditions will result in 
uncertain steering and will also produce rapid tire depreciation. 
Practically all tie bars are adjustable to a degree and steps may be 
taken to straighten up the wheels by either lengthening or shorten- 
ing the tie bar as conditions demand. The sfcetrh P also shows the 
method of testing a rear wheel for parallelism with the frame side 
member. At (\ the method of measuring for alignment of front 
and rear axles is shown. As will be apparent the rear axle has 
shifted on its springs and the wiieels are not parallel with the 
frame side members. At D, the axle has moved sideways due to 
shifting of the s[)ring chairs and the wheels do not track, even 
tliough the rear wiieels are parallel to the frame side member. It 
is important that the cords be stretched at a height equivalent to 
the center of the wheel hubs because some cars are made with con- 
siderable gather in the front wheels so that the distance at the 
rear of these members to tlie cords wnuld be slightly less than at 
the front. Then again, many cars have considerable camber in 
the front wiieels which means that the top of the wheels will lean 
outward, therefore any distances measured above the center of the 
hub will not agree with those taken below" it. By stretching 
the cord along the center line of the wiieel this trouble may be 
a\oided 

Universal Joints. — The universal joint is an important element 
in practically all shaft drive cars, some constructions using but one 
joint if the propeller shaft is protected by a long housing while 
other systems employ tw'o universal joints, one at each end of an 
exposed propeller shaft. Universal joints on many early cars were 
run exposed and considerable trouble w as experienced due to rapid 
wear of the bearing parts. When exposed there was also consider- 
able difficulty in keeping the joints properly lubricated. The mod- 
ern forms are housed inside of a casing member, which is not only 
designed to exclude the dirt and grit from the bearing surfaces, but 
which is also depended on to retain lubricant. A typical universal 
joint assembly and the parts comprising it are shown at Fig. 364, 
A. The mam parts of the joint are the yoke member A, and the 
disc member B The yoke has bearing surfaces O and P designed 
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to engage two of the pins on the universal joint cross member J. 
The other two pins fit into the bearing members R and S attached 
to the disc B. The entire 3oint is housed in by the cover members 



Fig. 364. — Universal Joint Construction. 

D and Z. The driving flange B may be bolted to a corresponding 
member on the end of a change spe^d gear shaft or rear axle pinion 
drive shaft, while the sleeve member A, which is provided with 
either a square or splined hole as desired, fits on the end of the 
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propeller shaft. The points that will wear soonest are the pins M, 
T, N, U, carried on the universal joint cross J. When looking over 
universal joints it is well to make sure that the sliding points are 
free and that the sleeve member does not bind on the propeller 
shaft. Where two universal joints are used it is not necessary 
to have a slip joint at both ends and one of the sleeve members 
may be fastened securely to the propeller shaft. 

The universal joint at Fig. 364, B, is called a roller bearing 
joint and consists of a hollow, slit bronze sphere attached to one 
shaft and a steel sphere, which may also be hollowed, attached to 
or formed integral wdth the end of another shaft. Pour adjust- 
able studs carrying conical rollers at their inner ends are equally 
spaced around the outside sphere. The inside ball contains four 
slots into which the pins project. The slots are so shaped as to 
allow free universal action and get no back lash at any point. 

Another form of joint designed to give a flexible drive is shown 
at C. This is increasing in popularity and is found on a number 
of cars for final drive though it is more widely applied as a driving 
connection between the clutch or gear box or for magneto or elec- 
tric starting generator drive. Two three fingered spiders having 
a suitable boss attached thereto to receive the end of the driving 
shaft are bolted to discs of leather, the fingers of one spider mem- 
ber being placed between those of the other and the leather disc 
securely held to each of the spiders. Owing to the flexibility of the 
leather it is possible to drive parts that are not in absolute align- 
ment, though this form of joint is not suitable for use vhere there 
IS apt to be considerable movement between the parts and the 
other types of universal joint are better adapted owing to al- 
lowing a greater degree of motion between driven and driving 
shafts. 

A simple universal that has been adapted to some extent for 
light work is shown at Fig. 364, D. This consists of a ball shaped 
center member ha\ing machined slots into which suitably formed 
yoke members fit. This joint, while popular for machine tools, is 
not widely used in automobiles and it is illustrated in order that 
the repairman may be familiar wdth all practical forms of joints. 
The form shown at Fig. 365, A, is that used on the National auto- 
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mobiles and as two views are presented its construction should be 
easily understood. A driving member is keyed to the end of the 
transmission shaft and is securely held on the taper by a suitable 
clamping nut. The driving member is provided wit\i two longi- 
tudinal slots in which square nuts or sliding blocks fit. These are 
mounted on a pin which is driven through the enlarged end of the 
propeller shaft. With this construction two joints are necessary, 



Fig. 366. — Construction of the Sliding Block Pattern l^fulversal Joint. 


one at the front end of the shaft, next to the gearbox, and another 
on the rear axle. After tlie joint has been in use for a time there 
may exist considerable looseness between the bearing pin and the 
hole in the sliding block and there may also be some depreciation 
of the slots in which the block slides. If the slots in the driving 
member are w^orn they should be machined out so that they are 
true and smooth though perhaps somewhat wider than they were 
originally. It is a very simple matter to make new case hardened 
blocks that will fit the enlarged slots in the driving member. The 








Universal Joints 


788 


manner of covering the joints in order to retain lubricant and keep 
out the dirt is clearly shown in the illustration. A pressed steel 
cover member is designed to fit over the driving yoke while the 
propeller shaft end is encased with a flexible leather cover securely 
clamped to both driven shaft and flange on driving member cover. 
In order to make it eas}^ to introduce new lubricant to the interior 
of the joints a screw plug is provided which is screwed into a fit- 
ting riveted to the leather covering. Where two of tliese joints 
are used it is desirable to have the propeller shaft held so it may 
slide to some extent as the axle moves up and down yet not be loose 
enough to rattle. The desired end is easily obtained by interposing 
coil springs in each universal joint which bear against the en- 
larged end of the driven shaft and seat on the driving member 
retention nut. 

Other forms of joints which provide a certain amount of uni- 
versal action are shown at B and C, Fig. 365. In the former there 
are but two rocking members whereas in the latter there are four 
rocking members. The driving member of the joint consists of a 
sleeve having a square hole made to receive the end of the driven 
member which is a square or rectangular in cross section but hav- 
ing rounded faces as indicated. In the form at B, tivo of the sides 
of this “square ball’^ are in contact with thin discs having one 
side curved to fit tlie inside member and the other side flat to fit 
a side of the internal square. In the form shown at four of the 
rocker members are used instead of twn. These rocker members 
do not interfere with the universal action and are valuable in that 
they provide for longer life than the ordinary form of wabble joint 
as there is ample contact surface between the driving member and 
the face of the rocker discs and there is also ample surface contact 
between the driven member and the rounded seats of the rocker 
discs. 

Radius Rods, Torque Members and Control Linkage. — On 

every chassis there are a number of points where the motion is rela- 
tively slight but w^here the parts are subjected to considerable pres- 
sure. Among tliese may be mentioned the radius rods used with 
side chain drive cars and the torque members furnished when the 
bevel or worm drive axles are used. The form of the torque mem- 
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rig. 366.— Conventional Method of Taking Driving Thrust and Braking and Driving Torque in Modem 

Automobiles. 
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her varies with the system of drive employed and is in turn, de- 
pendent upon the preferences of the designer. The reason it is 
necessary to provide a torque member with a shaft drive axle is 
that all the time the rear wheels are propelling the vehicle the re- 
action tends to turn the axle housing and this motion must be re- 
sisted by some arrangement that will hold the axle m its proper 
position. The torque members are also required when the brakes 
are applied to a car because there is also a tendency for the axle 
to rotate when the retarding force is applied to stop the wheels 
from turning. The various common forms of torque members are 
shown at Fig 3()6, these illustrations having been reproduced from 
the Horseless Age, 

The eonstriK'tion shown at A is a common one and is used on 
a number of ears, some of wdiich, as the Overland, are sold in very 
large quantities. In this construction, the propeller shaft to which 
the bevel driving pinion is secured is carried by a long tube securely 
fastened to the axle at one end and carrying a yoke casting at the 
other supported by suitable bearings attached to the frame cross 
member. This yoke is mounted so it sw’ivels on the axle tube, per- 
mitting the axle to be higher on one side than the other without 
stressing the .loiiit, a condition that is often necessary and, in fact, 
unavoidable wlien running over rougli roads. It is evident that 
tlie rear axle is also subjected to an up and dowm motion, this being 
due to roughness of the road surfaces. In order to provide for this 
movement the yoke casting is hinged to the frame cross members. 
When this construction is followed there are three points where 
depreciation can exist. The points that will w’ear soonest are the 
supporting pins or bolts at the ends of the yoke member that fit 
the frame. These may w^ear enough so that there wull be appreci- 
able lost motion, wdiich means a rattling sound when the car is 
operated over any but the smoothest of roads. The remedy for 
this condition is a simple one, consisting only of replacing the 
worn pins and bushings in the yoke ends, if the construction per- 
mits or of reaming out the holes larger and fitting pins to corre- 
spond. The joint wdiere the yoke swivels on the torque tube is 
usually of larger size and is provided with a generous grease cup, 
AYliile it IS not apt to wear as quickly as the joints of lesser area, 
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if lubrication has been neglected, it may be found that this joint 
will fit the housing tube loosely. The remedy is to smooth down the 
end of the housing tube after the joint is removed in order to se- 
cure a round bearing and then to bore out the worn yoke and bush 
it with bronze or cast iron so that it will be a good fit on tlie hous- 
ing tube. Any end play that may exist can be readily taken up 
by putting a light steel washer or a series of these members between 
the thrust collar on the housing tube and the yoke casting. In 



Fig. 367. — Defining Vanous Forms of Torque Memt^wB and Eadius Rods 


some cars it is possible to compensate for any end motion by set- 
ting up an adjusting nut that keeps the yoke in place. 

In the system shown at Fig. 366, B, the push or thrust neces- 
sary to move the car, also the torque, is taken on a spherical or ball 
joint. This construction is used on the Ford automobile and on a 
number of other more expensive cars. Despite the severe work this 
type of joint is called upon to perform, it is not subject to undue 
depreciation, providing that lubrication is not neglected and that 
proper precautions are taken to keep the grit and dirt incidental 
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to use from accumulating between the bearing surfaces. If there 
is any play in this form of joint it often can be compensated for by 
taking a little metal off the face of the flange of the ball joint 
cap which permits of bringing it to Tiear more tightly against the 
ball on tlie end of the torque tube. 

The system outlined at C is a popular one on many tj’^pes of 
cars. In this the driving thrust is taken by the semi-elliptic springs, 
while the torque is resisted by a special lever securely clamped to 
the differential housing of the axle at its back end and carrying 
^ small ball end which is suspended in a special shock absorbing 
fixture carried by the frame crass member. This form is sometimes 
modified by having short radius rods to take the driving thrust 
as shown at D, while the braking and driving torque is resisted by 
a special arm. The flexibility of the sp>ecial hangers used for sup- 
porting the front end of the torque rod shown at C and B, is due 
to the use of strong coil springs wliich press against pads having^ 
semi-spherical seats to fit the ball at the end of the torque rod. If 
these springs weaken in use. there may be a certain amount of lost 
motion between the ball and its seating members which can in- 
variably be corrected by screwing m an adjusting plug carried at 
the bottom of the tubular spring housing. AVhen radius rods are 
employed, it is important to test these for side shake when they are 
supported by the axle or to test the small pins when they are car- 
ried by a hinged member secured to the axle and often forming 
part of the spring pad or seat. Owing to the limited area of the 
pins that act as liinges at both ends of the radius rods it is not 
unusual to have these wear enough in a season to demand inspec- 
tion and attention. 

The method of supporting the axle end of a tubular torque 
member when a two universal joint propeller shaft is used is clearly 
shown at Fig. 367, A, as will be observed, a retaining member is 
cast integral with the bevel pinion supporting casting. The tubu- 
lar torque member is a tight fit in the hole bored into this support 
and is held firmly in place by tightening the clamp bolts indicated. 
When overhauling a car it is well to examine this clamping bolt 
carefully to make sure that the torque rod is securely held. In 
some cars, where the driving thrust is taken by the springs tho 
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torque is taken by the uniYersal joint. A construction of this kind 
is shown at Pi^?. 323, B. The usual construction is to have a square 
shaft projecting from the torque tube sufficiently long so it will fit 
the full length of the hub of the universal joint. Up and down 
movement of the rear axle is compensated for by the sliding of the 
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square shaft in the universal joint. This is a point that is very 
often neglected as regards lubrication, usually because it Ls ina(^~ 
cessible in most cars. If the square shaft becomes worn there will 
be considerable lost motion between it and the universal joint. It 
IS often possible tq secure a new universal joint member having a 
smaller square, ^nd as the wear is seldom more than .010 inch it is 
often fxissible to save the old shaft by the less expensive procedure 
of replacing the universal joint member rather than taking the 
entire rear construction apart to use a new squared shaft. If the 
universal joint member is a steel drop forging it is possible to heat 
it up in a forge or brazing flame and then close it down around a 
square bar of the desired size. The worn end of the square shaft 
may be dressed down to fit the corresponding portion of the uni- 
versal joint member. AVhen overhauling a car in \^hich a torque 
tube is used care should be taken to inspect the point where the 
torque tube joins the rear axle differential housing to insure that 
the rivets are tight and there is no motion betw’een the torque tube 
and its retaining member. 

The bearings at the front end of the torque tube are found to 
be subject to more rapid wear wdien this construction is followed 
tlian when any one of the systems shown at Pig. 366 is used. If ad- 
justment means are provided the bearing depreciation may be taken 
care of by tightening up the adjustments. If, howwer, a plain 
babbitt bearing or bronze bushing is used it will be necessary to re- 
Iilace the defective member with a new one. The end of the torque 
tube is often provided with a straight roller bearing. If there is 
much play, the bearing should be examined to see whether the 
rolls are worn or if the lost motion is due to depreciation of the 
driving shaft or the roller bearing sliell member carried by the 
torque tube. 

The usual arrangement of a radius rod, which may sometimes 
be arranged in such a way that it takes torque as w^ell as driving 
thrust is shown at Fig. 367, C. The hinged joint where deprecia- 
tion can be looked for wdien overliauling the car isv clearly indi- 
cated in this illustration. On the Buick 1915 automobiles the end 
of the torque tube is attached to the gearset in a novel and effec- 
tive manner. In addition to the usual swinging joint between the 
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yoke member and the end of the torque tube which takes care of 
the up and down motion of the wheels, the ends of the yokes are 
fastened to a ring member having four bearingvS equidistantly 
spaced^ at Pig. 368. Two of these bearings on a horizontal plane 
are used as a support or hinged joint to permjt of up and down 
movement of the axle. Swaying from side to side is taken care of 
by the method of supporting the ring at the top and bottom by 
substantial cast arms, extending from the back end of the gear set. 
It will be apparent with this construction that depreciation of the 
supporting pins of the ring may be compensated for to some ex- 
tent by removing the bearing caps and filing a little off of their 
faces to permit them to be brought closer to the pins. Of course, 
it will be necessary to drill the holes out round and ream them to 
the proper size because the process of compensating for wear will 
tend to make the holes elliptical, instead of round. 

The construction of the universal joint used with this method of 
installation is clearly shown at the inset A which, shows the joint 
in part section. In addition to the torque and radius rods, all of 
the various members, such as rod ends on the brake rods and con- 
trol linkage should be looked over wuth a view of determining if 
any wear exists at the bearing pins. As no provision is made for 
adjustment at these points the only remedy is to drill the holes out 
larger in both the rod end and its supporting yoke and supply 
new pins of larger diameter that will fit the holes without lost 
motion. 

Front Wheel Adjustment. — When cup and cone type ball or 
taper roller bearings are employed, it is necessary to adjust these 
very carefully to compensate for any lost motioii that may exist in 
the assembly. The condition of the bearings may be ascertained 
without difficulty when these are used in the wheels by^ jacking up 
under the axle to relieve the wheel of the car weight aud then by 
grasping the wheel rim at opposite points and shaking the wheel. 
Any looseness in the bearings can be detected by the lost motion 
between wheel hub and spindle. In taking up lost motion when 
any type of adjustable bearing is employed, considerable judgment 
must be exercised in screwing up on the adjusting member not to 
get this up too tightly and impose an injurious end pressure on 
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the balls or rollers (Pig. 369). "An excess pressure that will stress, 
the bearing parts dangerously will not make much difference in 
the wheel resistance when turned by hand, though when the car 
weight must be sustained at high speeds or when going ground 
comers, the resistance 
will be increased ma- 
terially and bearing 
endurance .reduced in 
proportion. A safe 
rule to follow is to take 
up the wear by screw- 
ing in the adjustment 
nut enough so the 
‘‘shake” or looseness 
will be eliminated and 
yet permit the wheel 
to “spin” for a few 
revolutions when given 
an initial impulse. 

Many motorists and in- 
experienced mechanics commit the error of adjusting bearings of 
the “take up” type too loosely. This is not desirable, any more 
than fitting parts too closely together is. Always lock the adjust- 
ment nut firmly in place when proper adjustment has been 
secured. 

Muffler Faults. — A part of the chassis that is often overlooked 
in overhauling and one that has material influence on the power 
output of the motor is the device used for muffling the sound of the 
exhaust. The internal construction of mufflers varies widely, some 
consisting only .^of simple chambers connected together to form a 
labyrinth for gas passage and reduce the noise by breaking up 
the volume arm allowing the gas to expand before it reaches the 
air to more complicated forms having a large number of baffle 
plates or partition w^alls pierced with numerous small holes. The 
most effective and silent type of muffler is generally the one that 
will give trouble first. It is important, therefore, to take the 
muffler apart and clean out all accumulations of soot or burnt oil 
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rig. 369. — ^Front Hub Showing Nut Adjusted 
Cup and Cone Type BaU Bearing. 
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that may clog up the gas passages. Mufflers are easily taken apart, 
usually being held together by long through bolts in those forips 
where the muffler consists of a number of cylindrical shells of vary- 
ing diameter held between cast end plates used to support fhe 
shell. Even m forms where a large number of chambers are pro- 
vided, these being adjacent, the muffler is held together by bolts or 
by being assembled on a central member usually a continuation 
of the exhaust pipe. After the muffler is taken apart all carbon 
and burnt oil residue should be scraped off and all the parts of tfie 
muffler thoroughly cleaned with kerosene before reassembling. It 
IS also well to go over all the holes designed to break up the gas 
with a sharp punch or fine taper reamer to make sure that these 
have not been reduced to less diameter than they should be by aC' 
cumulations of burnt oil or carbon. 

Chassis Lubrication. — A very important point that is some- 
times overlooked after a car has been overhauled is proper lubri- 
cation of the chassis. A typical six cylinder chassis of the Loco- 
mobile design is outlined at Fig. 370, vith all points needing lubri- 
cation clearly outlined. Practically all of the chassis parts are lu- 
bricated through the medium of grease cups which are indicated 
by a circle with tlie numbers in it, the numbers ranging from 1 to 
32 inclusive, beginning at the bottom of the diagram and running 
to the top. It is important to go over all the grease cups when a 
chassis has been overhauled and make sure that they are filled with 
a good grade of grease of suitable density which must resist the 
action of water and contain no acid. Grease cups Nos. 3, 4, 5, 6, 
21, 22, 27, and 28 are very important and should receive attention 
every day that the car is in use. Graphite grease is recommended 
for these points. In addition to the grease cujis there are a num- 
ber of oiling plugs which are indicated at black scpiares and a let- 
ter. Beginning at the bottom of the diagram, oil plug A should 
be removed to supply oil to the timing gear. It is said tliat one and 
one-half pints of oil are necessary every 500 miles. The magneto 
drive coupling B should be filled with grease. C is the plug through 
which grease is introduced to the steering worm gear case. New 
grease should be supplied when overhauling, then the operator 
should be cautioned to replenish the supply every 100 miles. D, 
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indicates the oil opening for filling the oil pump gear easing with 
grease. 

The disc clutch housing is provided with oil plug E. The 
makers of the car illustrated recommend that this plug be removed 
at the end of every 1,500 miles and the clutch case turned over 
until the old oil runs out. The interior of the clutch casing should 
then be washed carefully with gasoline and refilled with new lubri- 
cant. This may be a mixture of one-fourth pint of spindle oil and 
one-fourth pint of kerosene or a mixture of one-third pint of kero- 
sene and one-sixth pint of three-in-one oil. It is stated that these 
proportions and quantities are important. The transmission gear 
case is filled through oil plug F. The gear case should be lubri- 
cated with some good quality non-acid grease of about the con- 
sistency of vaseline. It is stated that 20^/2 lbs. of grease are needed 
,^to refill an empty transmission case after overhauling. The bevel 
gear housing at the rear axle is provided with a plug G, through 
which grease can be introduced to lubricate the bevel drive gear- 
ing. It is recommended that this be thoroughly washed out dur- 
ing the overhauling process even if the rear axle is not taken 
apart. It takes one quart of grease to fill this housing to the 
proper point. The oil plugs H and I indicate minor driving coup- 
lings, which do not require attention very often, inasmuch as the 
makers advise filling with grease every 5000 miles. It is also 
necessary to keep the interior of the wheel hubs filled withi suitable 
grease. 

Among the minor points that need lubrication are the fan bear- 
ings, which may be packed with gear grease at the time of the 
yearly overhauling. There are a number of minor points indicated 
by round black dots that are oiled with a hand oil can or syringe 
by means of oil cups and oil holes. The moat important of these 
are as follows : Starting crank, oil every week. Magneto, few drops 
every 2000 to 2500 miles. Foot pedal shaft bearings, oil copiously 
every month. Steering column, squirt plenty of oil through the 
hole in the steering column every week. Oil also the fixed ends 
of the spark and gas lever. Hand lever shaft bearings, lubricate 
every week. Brake shaft bearings, oil about every 2000 miles. 
Dynamo bearings, forty drops every 100 miles. Steering universal 
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joints, indicated by the letters B, J, remove the leather boots and 
pack with good graphite grease every 1000 miles. The universal 
joints on the propeller 
shaft, which are indi- 
cated by the letters U J 
and S J, should be in- 
spected, cleaned and 
packed with grease 
about once a season. 

Care should be taken 
to make sure that the 
power plant also has 
the proper grade and 
quantity of lubricant 
before the car is per- 
mitted to leave the 
shop. Most cars em- 



Fig. 371. — Method of Testing Acetylene Gas 
Piping for Iieakage. 


ploy constant level splash systems, which have been previously de- 
scribed, the only precaution is to make sure that the oil is at the 
proper level in the engine crank case. The strainer screen that 
filters the oil before it goes into the pump should be cleaned every 
week, and it is recommended that after 1000 miles road service that 
the old oil be drained out of the engine base. 

Locating Acetylene Gas Leak. — Before the general adoption 
of electric lighting practically all automobiles were supplied with 
acetylene gas burning head lights, the gas supply being from a car- 
bide generator, Prest-o-lite or similar tank. In many cases trouble 
is experienced through leakage of the gas which escapes from mi- 
nute leaks in the gas line, which usually consists of copper tubes 
running in the frame channel and connected to the gas tank and 
lamps with flexible rubber tubes. While the overhauling process 
is being carried on, it is well to test the pipe lines to see if there 
are any leaks in order to replace the copper tubes with new ones 
should they have chafed from contact with a frame member or 
loose clip or if a seam has opened up with vibration. A very sim- 
ple method of determining whether there is a leak or not shown 
at Fig. 371, was described in the Automobile. The apparatus con- 
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sists of three pieces of rubber tubing, a three way pipe connection 
and a glass XT tube. The burners of the acetylene lights are re- 
moved and the ends of the rubber tubes are placed over the pro- 
jecting pipes as shown in the illustration. The valve on the gas 
tank should be closed while this is being done. Water is now placed 
in the U tube but not enough to completely fill it. The needle valve 
on the gas tank is slowly opened until the water in one arm of the 
U tube is lifted higher than that in the other because of the gas 
pressure. The valve is then closed and the water level in the U 
tube watched. If water drops to the same level in both branches 
there is a leak. A leak may be found by going over all the pipes 
with oil or a thick soap-suds solution, taking especial care to cover 
those portions of the pipes that are resting against tlie frame mem- 
bers and also all the soldered .loiiits. The escajiiiig gas will caus<* 
the soapy solution or the oil to bubble at the point where it escapes. 
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THE REAR AXLE AND DRIVING SYSTEM 

Rear Axle Nomenclature — Seini Floatinj^ Axles — Tliree-Qiiarter Floating Axles 
— Full Floating Types — ^Taking Rear Axle Apart— Adjusting Bevel Drive 
Gears — Worm and Spiral Bevel Drive Gears — Two-Speed Axles — Double 
Reduction Axles — Internal Gear Drive — Four Wheel Drive — Spur and 
Be^el Gear Differential — C’hain Drive "Jioubles — Trussing Weak Axle 
Housings — Axle Lubrication — Gil Retaining Means — Types of Axle Bear- 
ings — C’are and Adjustment of Axle Bearings — Biake Forms and Ad- 
justment 

Owing to the advances that have been made in metallurgy and 
a more generaltappreciation of principles of design by engineers, 
the rear axle a part of the car that seldom gives trouble and 
which usually %eeds attention only when the car is thoroughly over- 
hauled. Very few motor ear manufacturers build their own rear 
axles and most of those used are the product of specialists who 
make nothing but front and rear axles. The result of this con- 
centration upon one product means that the various details of pro- 
jiortion of parts have received careful attention w^hicli has been 
based on a wide experience. The material best adapted for the 
various parts have been carefully determined and practically the 
only condition that interferes with proper rear axle operation, bar- 
ring occasional accidents, are those due to natural wear. Before 
describing the method of taking down rear axles it may be well 
for the reader to become familiar with the different axle types and 
their method of construction. The designs used vary widely. In 
some types it is possible to get at all the essential parts in a rela- 
tively short time without removing the rear construction from the 
chassis. In other forms it is necessary to tah^. them completely 
apart before access may be had to the differential gears or the 
axle shafts and their supporting bearings. 
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Eear Axle Nomenclature. — The various types of axles that 
have been used in automobile construction as defined by the chief 
engineer of the Weston-Mott Company, one of the largest axle 
manufacturers in the world, are illustrated at Fig. 372. This 
shows the four main classes of axles, which are termed semi-float- 
ing, three-quarter, seven-eighths and full floating types, these being 
designated by the letters A, B, C, D, respectively. While the illus- 
trations are self explanatory to one well versed in automobile con- 
struction it may be well to describe the various types in detail for 
the benefit of those who have not had occasion to take all the 
various types apart. On the semi-floating axle, as shown at A, the 
entire weight of the car comes upon the axle shafts which also are 
depended on to transmit the power from the differential gearing 
to the wheel hubs. It is said that in time this would have a ten- 
dency to cause the shafts to crystallize and break unless great care 
is taken in proportioning the shafts so strong that they will resist 
the stresses imposed upon them. This type of axle is not generally 
i^ecognized as the semi-floating form as most engineers call it a 
non-floating live axle. The reason for this is that’ the axle shaft 
does not even partially float as it is held in the hub of one of the 
differential bevel gears by threaded retention members. In order 
to be a semi-floating axle it would be necessary to utilize a bearing 
type at the wheel end^that would take end thrust and keep' the 
wheel shaft in place while the part of tlie axle that pro^t^d il^o 
the differential would not be held by any thread 

A true semi-floating axle should be of such fornt^^tlmt the axle 
may be readily withdrawn without necessitating th|||^mplete dis- 
assembly of the rear construction. The aatle ah0W#i& semi-floating 
to a degree, however, because the dififetsential gear is carried by 
bearings which are outside of the differential case bosses instead of 
bearing directly on the axle shaft, as is the case with light axles 
of such cars as the Ford. The three-quarter floating axle shown 
at B is a design in which the axle shaft is subjected only to tor- 
sional strains or to a twisting action due to the power applied to 
drive the car. The wheel bearing is mounted on the axle housing 
instead of inside df that member as shown at A. This brings the 
strain due to the weight of the car on the non-rotating axle hous- 



Fig. 372. — ^Defining Principal Types of Weston-Mott Bear Axle 
Construction. 


ing instead of on the shaft as in the type shown at A. The type 
shown at C, which is termed the seven-eighths floating by some 
engineers and which is called a single bearing full floating hub 
by others, has many of the advantages of the three-quarter floating 
construction in that the drive axle tends to steady the wheel and 
also has the advantage of the full-floating type in that the wheel 
may be removed from the rear construction mthout taking the 
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housing apart. The axle shaft may be withdrawn from the diifer- 
ential, which is not possible in the form shown at A and B where 
the end of the axle is securely retained inside of one of the differ- 
ential bevel gears by a nut. 

The standard full floating type of axle, which is shown at D, 
does not depend on the driving shaft to steady the wheel, which is 
held against side movement by spacing tlie wheel Inib bearings on 
each side of the spoke center line. The advantage of the full- 
floating type of axle is that the driving shaft may be withdrawn 
without dLsturbing the wheels or jacking up the axle and the dif- 
ferential gearing may be removed from the rear construction by 
partially withdrawing the drive sliafts and not requiring jacking 
up the axle inasmuch as the heels still support the load. 

Semi-Floatmg Axles. — The difference between the serni-float- 
ing and three-quarter floating axles may be readily understood by 
referring to the sectional views at Fig. 873. The c()mj)lete as- 
sembly of the differential and driving gears with one of the axh‘ 
shafts of a Weston-Mott three-quarter floating rear axle is shown 
at A, wdiile a similar sectional view of the Keo axle is showui at 
B. The semi-floating axle used on some types of Pierce- Arrow" cars 
is showm at Fig. 374. It will be observed that in the Reo con- 
struction the axle shaft must transmit the pow"er and also support 
the portion of the weight of the car that comes on the rear wdiecl 
it carries. Beginning wdtli the universal joint on the dri\e shaft, 
the power is transmitted through the pinion shaft to the bevel 
pinion which in turn imparts its motion to the ring gear or master 
gear riveted to the differential ease. When the car is traveling 
straight ahead the power is transmitted directly to the 'two dif- 
ferential gears which are fastened to the axle shaft keys and 
taper retaining pins and winch turn the wheels folc^l onto the 
keys on the tapered outer axle end. When the car turns a corner 
the outer wheel travels faster than the other, suitable compensa- 
tion for the difference in speed being made by the differential gears 
and pinions. As will be apparent the pinion shaft is carried by 
taper roller bearings as is the differential assembly. The axle is 
supported at the wheel end by a Hyatt,, high duty type roller 
bearing. 
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Fig. 373. — Three-Quarter Floating Axle at A, Eeo Semi-Floating 

Axle at B. 


There are two adjustments on this axle, one that allows the 
movement of the differential gearing so the ring gear may be 
brought into closer mesh with the bevel pinion, when depreciation 
occurs, or in the initial adjustment when the axle is assembled. 
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The other is the adjustment of the bevel pinion so this also may 
be brought into closer relation with the bevel gear. The former 
is adjusted by removing the rear of the axle housing and turning 
the threaded rings that bear against the inner races of the tapered 
roller bearings at each side of the differential gear. It will be 
apparent that as one bearing adjustment is turned to push the 
bearing inner race away from the differential that the other must 
be turned in toward the differential to permit the other bearing 
inner race to move along its supporting boss. The bevel pinion is 
adjusted by turning on the sleeve S w'hich moves the pinion shaft 
and its bearing as a unit. The bearing adjustment is obtained by 
slowly rotating the adjusting member P as desired. By shifting 
the big gear endwise, which means that the entire differential must 
be moved from one side to the other and the driving pinion in 
and out, it is not difficult to obtain correct alignment of the drive 
gearing. It is w^ell to have a slight amount of back lash between 
the teeth of the gears, the amount allowed being about .004 to .008 
inch. The position of the driving pinion and gear relative to each 
other is very important. Noisy gears are the result of the pinion 
and gear not being in correct mesh. It has been found that if the 
gears are out of position more than 1-lOOth inch (.01") that the 
gears will be noisy in action. The exact adjustment can be 
determined by trial, it being considered more desirable ^^t#^ave 
some back lash in the gears rather than have them ^t^qi$>t;|ghtly. 

In taking a senii-fioating axle apart when of the shown at 
Fig. 373, B, the first step is to remove it from the chassis, support 
it by suitable trestles, and then to pull off „ the wheels from the 
taper wheel seats. This is done by unscrewing the wh^l retaining 
nut on the threaded axle end and then kn^ing" the wheel off 
the axle shaft or pulling it off with a designed wheel 

puller, as shown in Chapter II* or in F|gs. 3^^'and 363 herewith. 
The next step is to release the axle housinif' tube from the sides of 
the differential housing by unserewing th#nuts that hold the flanges 
on the axle tubes from the studs attached to the differential hous- 
ing. The axle housing may then be easily withdrawn over the axle 
after the wheel driving keys have been removed from the taper 
wheel seats. This leaves the differential mechanism in place in the 
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differential housing with the two axle shafts projecting one on each 
side. The next step is to unscrew the pinion shaft carrier in order 
to bring the drive gearing out of mesh. This is done by loosening 
the clamping nut and unscrewing the sleeve S. After the pinioh 
has been backed off the differential easing may be taken apart and 
pushed over the axle shafts which will give accf^ss t j the pins pass- 
ing through the bevel differential gear. These are knocked out 



Fig. 374. — Sectional View, Showing Construction of Pierce-Arrow 
Semi-Floating Axle. 


which enables the operator to draw the axle shaft out of the differ- 
ential assembly. After the two shafts have been withdrawn the 
differential parts may be easily removed through an opening left 
by taking off the differential housing cover plate. To take the semi- 
floating axle shown at Fig. 374 apart it is necessary to remove the. 
wheels and part the differential housing on the center line divid- 
ing that member into two symmetrical halves. Before this can be 
done the pinion drive shaft carrier must be removed and the bolts 
holding the halves of the differential housing together must be un- 
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Fig. 375. — Part Sectional View, Showing Construction of Overland 
Three-Quarter Floating Axle. 
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Full Floating Aocle 

screwed. In this constrnotion, half of the dilferential housing and 
the live axle shaft housing come off as a unit, 

Three-Quarter Floating Axles. — The three-quarter floating 
axk% such as shown at Fig. 373, A, and Pig. 375, cannot be taken 
apart until the wdieels have been removed from the axle shaft. 
Here again it is necessary to take the pinion dri^e shaft off before 
the diflerential liousing can be split vertically in the axle shown 
at A. In that shown at Pig. 375, it is not necessary to take the 
rear construction apart as the differential may ben'emoved from the 
housing by taking off an exceptionally large cover plate. It is 
necessary to take the heels off however, in order to permit the 
withdrawal of the axle shafts. The gears are meshed in the form 
shown at 373, A, by a simple adjustment member which moves the 
pinion drive sliaft liack and forth in its supporting housing until 
the proper degrcM^ of engagement wuth the ring gear is obtained. 
More detailed instructions for adjusting various forms of bevel 
driving gears will be given in proper sequence. 

Full Floating Axle. — The construction of a full floating axle 
used on some Overland models is showm at Pig. 376. In order to 
wuthdraw^ an axle shaft it is only necessary to unscrew^ the hub cap 
and pull the driving end of the shaft out of the slots in the wheel 
hub into which it fits. The driving end of the axle shaft is provided 
w’ith a driving clutch member that is intended to fit into depres- 
sions milled into the wheel hub. Sometimes the driving clutch will 
get loose in the wdieel hub owung to depreciation of the clutch 
teeth or the slots in wdiich they engage. If the wear is not too 
great compensation for the looseness may be made by heating up 
the ends of the clutch teeth and hammering them out so that they 
wdll be even wnder tlian the slots, then filing them to fit. After 
the axle shafts are witiidrawui if one desires to remove the wheel 
this may be easily accomplished by unscrewing the locking nut 
that keeps the bearings in place on the axle tube. The w^heel may 
then be withdrawn with its supporting bearings. To remove a dif- 
ferential gear assembly, one must first withdraw the axle shaft 
completely out of the interior of the differential gearing w’hich is 
easily accomplished because of the squared ends w’hieh fit broached 
holes in the differential bevel gears and then releasing the differ- 




Fig. 376. — ^Part Sectional View Showing Overland Full Floating Eear Axle, 
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ential bearing holding caps by unscrewing the reiaining ntitis or 
cap screws. The differential may then be remored from the differ- 
tial housing as a unit with its supporting bearings. In this con- 
struction it is not necessary to readjust the bevel gearing bec^i^use 
the adjustment need not be disturbed when the differential assem- 
bly is removed. This is a marked advantage of the full floating 
axle design over the semi- and three-quarter floating forms shown 
at Fig. 373. 

Taking Rear Axle Apart. — The parts comprising a typical live 
axle of the non-floating form are shown at Fig. 377. As will be 
observed the main portions of the rear construction are three hous- 
ings. One of these is termed the left half driving gear housing, 
the other the right half. Attached to these members are the axle 
lubes which carry the brake assembly at the outer end and a spring 
seat between the driving gear housing and the brake carrying 
plate. Eacli of the axle housings is really comprised of three mem- 
]>ers, two of these being malleable iron or semi-steel castings joined 
together by a length of seamless steel tubing to which they are 
securelj^^attached by riveting and brazing. The propeller shaft 
which carries the driving pinion is mounted in a separate housing 
member which has a flange at its lower end by which it may be 
bolted to the differential liousing when the two halves comprising 
that member are bolted together. The axle drive shafts are shown 
attached to the differential gears. The parts comprising the dif- 
ferential assembly are shown at the lower right hand corner of the 
illustration, the brake bands and spring seat are shown at the left 
hand corner. 

In order to understand the method of taking the rear construc- 
tion apart, the method followed in dismantling the Locomobile axle 
IS shown at Fig. 378. While this member has the advantages of 
the full floating type in permitting the removal of the wheel drive 
shaft or wheels when necessary, the differential gearing cannot be 
removed without taking the differential housing ajiart. The ap- 
pearance of the rear construction after the wheel bearings, spring 
seats, and brake carrying castings have been removed from the 
live axle housing is shown at A. The first step is to remove the 
nuts from the studs on the sides of the pinion carrier and the boltsr 
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Tig. 377A.— Sectional View of Ford Model T Bear Axle, Showing Driving Gears, Differential, 
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passing through the remainder of the bosses. This permits one 
to pull the halves of the differential housing apart, exposing the 
differential gearing as shown at Pig. 378, B. The bevel drive 
pinion assembly or third member is held in place by three studs 
in a suitable extension from the differential housing and may be" 
removed from that member as a unit by removing three nuts and 
withdrawing it from the case. 

The parts comprising the differential gear, which is of the bevel 
gear and pinion type are clearly shown at Fig. 378, C. The dif- 
ferential casing with the ring gear removed is shown at 5. As 
will be apparent the casing is composed of two halves 1 and 4, 
these being held together by through bolts passing through the 
flanges of the case casting. Each flange has four notches of semi- 
cylindrical form machined therein, these to retain the extension 
from the differential spider on which the pinions revolve as shown 
at 2. The spider and pinion assembly in place in one-half of the 
differential easing is shown at 4. The spider with the bevel pinion 
and the face gears employed to drive the live axle shafts in the 
relation they occupy inside of the differential is clearly shown at 3. 
The points most subject to wear are the bushings in the differej^rtial 
pinions which are usually of bronze and which may be drivashUtlt 
and replaced by new ones and the bushings in the differencial ease 
hubs that are employed to support the bevel differential^,^blP; iaee 
gears. If the supporting pins on w'hich the pinioiis^fiVolve which 
are part of the differential spider, are worn, a nev^pjder member 
must be substituted for the defective one. But wear will be 
found in the teeth of the bevel pinion differ^tial as these are 
usually a substantial form and because the gearing is thoroughly 
lubricated at all times. Obviously the process of reassembling the 
axle is the reverse to that of dismantling it. 

Adjusting Bevel Drive Gear — l^el drive gearing is sup- 
ported on two types of bearings, both belonging to the anti-fric- 
tion class. The type of bearing used for supporting the bevel drive 
pinion shaft and the differential assembly determines the method 
of adjustment provided to a large extent. The bevel drive gear 
assembly shown at Fig. 379, A, is that used on the Hudson Model 
37, and is similar in design to that employed on many other cars. 
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Fig. 37a. — Defining Construction of Berel Finion Differential Cearin|^. 


In this construction taper roller bearings are used throughout; 
Following common practice in full floating axles the differential 
gear and the pinion drive shaft are supported by a common casting 
in order to obtain correct alignment more easily. The pinion drive 
shaft is supported by two taper roller bearings, one being placed 
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J^jiaediately back of the drive pinion while the other is used at the 
%pper end of the pinion shaft as a steadying member. The lower 
bearing is mounted in a threaded adjustment member but the 
upper bearing seats against a shoulder in the pinion drive shaft 
housing. In order to mesh the j>mion deeper with the ring gear it 
iu necessary to release the adjustment lock that keeps the threaded 
adjustment from turning and also to back off the adjusting nut 
for the upper bearing. After the threaded adjustment member has 



Fig. 379. — Sectional Diagrams of Bevel Drive Gears, Showing Method 
of Adjusting the Glaring. 


been screwed in or out to secure the proper meshSwg of the ring 
gear and after it is securely locked in place by screwing the ad- 
justment lock back into one of the slots made„ to receive it, the 
upper roller bearings should be carefully adjui^d by screwing the 
adjusting nut against the spacer member, this pulling the inner 
race of the lower roller bearing firmly against the outer member 
and in turn seating the outer race firmly in the threaded adjust- 
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iiient member. The adjustment is considered complete when there 
3 S absolutely no up and down motion to the pinion drive shaft and 
when no appreciable effort is needed to revolve it and the differen- 
tial gear when the wheel drive shafts are pulled clear of the dif- 
ferential gear interior. 

The adjustment of the differential gearing and the ring gear i^i 
accomplislied by threaded adjustment rings or nuts which bear 
against the inner race of the taper roller bearings employed in 
supporting the differential. These adjusting nuts are provided 
with a series of slots by which they may be turned and which also 
serve to receive tlie tongue of the adjustment lock member. To 
move the differential gearing it is necessary to first release the ad- 
justment locks and then to turn one threaded adjustment nut in 
and the otln^r out until the proper degree of engagement of the 
gears is s(*eured. For example, in the gearing shown at A, if it 
is desired to mesh tlie ring gear more deeply with the drive pinion 
the adjustment on tlie right wmuld be slacked off or screwed in 
toivard the differential a certain number of turns, or such portion 
of a revolution as w'ould be necessary to bring the gears closer to- 
gether while the adjusting nut on the left is screw^ed aw^ay from 
the differential the same number of turns in order to keep the roller 
bearings on lioth sides in proper relation. There should be ab- 
solutely no back lash in the taper roller bearings nor lateral move- 
ment of tlu* differential gear assembly. At the same time the gear- 
ing should be turned without appreciable effort when the pinion 
drive shaft is rotated by hand. 

The sectional view' of the bevel drive gearing of the 1914 Loco- 
mobile is showm at Fig. 379, B. This is similar in construction to 
that previously described except that ball bearings are used in- 
stead of the taper roller form. The pinion shaft assembly is car- 
ried by two single row^ radial bearings and one ball thrust washer, 
the whole being mounted in a carrier mcmiber wdiich may be screwed 
in or out of the housing to secure proper gear engagement. The 
differential gearing is not adjustable sideways as it is believed that 
the necessary adjustments can be made by moving the pinion shaft 
carrier in and out of the differential housing. It will be observed 
that the ring gear side of the differential is supported by a radial 
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bearing and a ball thrust bearing. This is because the action of 
the inclined bevel gear teeth produces a certain end thrust which 
tends to move the differential assembly to the left, this end thrust 
being resisted by the ball bearing especially fitted for that purpose, 
A radial bearing is used on the right hand side of the differential 
casi||5<, this carrying a radial load only. Whenever an adjustment 
has been altered it is important to make sure and lock it firmly into 
its new position by the means provided for that purpose. In most 
cases these are readily apparent upon inspection. 

The adjustment of the large bevel gear in the Overland rear 
axle shown at Fig. 375, requires careful attention to details to ac- 
complish successfully. Take the cover from the differential hous- 
ing by removing the cap screws by which it is retained. Remove 
the thrust bearing adjustment lock on the side toward which the 
differential is to be moved with a screw driver and turn the ad- 
justing cup of the thrust bearing in the same direction. These 
^yjirious parts are plainly ideptified by suitable lettering on the 
^illustration. Next loosen the two screws which hold the split dif- 
ferential adjusting collar until that member may be turned in the 
desired direction. Moving the collar on one side of the differential 
makes it necessary to adjust the one on the opposite side accord- 
ingly, both axle ends having right hand threads. When the proper 
meshing of the gears is obtained, tighten both collars andvfollow 
this by bringing the thrust bearings close to the adjustii^l Cellars. 
Be sure to tighten all screws and to replace the smaU loc^ which 
keep the cups from turning after adjustment has been made. 

To remove the axle shafts it is necessary to loosen the screws of 
the differential adjusting collar until the threaded portions of the 
shaft may be withdrawn through the oollar. To remove the differ- 
ential gear it is necessary to vrilhdt^w the axle shafts first, then 
to remove the roller bearing retention caps. The differential may 
then be lifted out of its honking. When reassembling, it is impera- 
tive to mesh the bevel gea|% correctly and to adjust the ball thrust 
bearings properly, taking: cure not to get these pk> tight against 
the differential adjustmeht collars. If the axle l^ks oil it is neces- 
sary to renew the grease retaining felt washer. 

All differentials and driving gear assemblies are not capable of 
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being adjusted as in some axles one depends more on a close fitting 
up of parts when the axle is first constructed. Two types of differ- 
entials that cannot be adjusted to change the relatirm of the driv- 
ing gearing are shown at Fig. 380, B and C. That shown at B 
has been used on a numljcr of Pierce-Arrow models und as will be 



Pig. 380. — Showing Construction of Non- Adjustable Bevel Gear 

Drive Units. 


apparent the differential housing is divided vertically in the cen- 
ter and no provision is made for adjusting the baU thrust bearing 
mounted at either side of the differential case. As but little de- 
preciation will exist in a well designed and properly constructed 
rear axle it is believed that any depreciation can best be remedied, 
by the substitution of new parts for those that have become worn* 
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The same is true of the assembly shown at C. In this roller bear- 
ings are used to support the differential while ball thrust bearings 
are depended on to take the end thrust on the wheels as 'well as 
that produced by the bevel gears. When these axles are taken 
apart there is only one way in which they can be reassembled as 
far as replacing the bearings is concerned, although on many types 
in wdiich symmetrical axle housings are used it is possible to replace 
the differential assembly so the master gear will be on the wi’ong 
side of the pinion. This wi'll result in the rear wiieels turning 
backward w^hen the forw^ard speed ratios ari' engaged and of turn- 
ing forw^ard wdien the reverse gears are in inesJi in llie transmis- 
sion. Tlie bevel gear in the assembly shown at (\ is on the right 
side of the pinion for engines as ordinarily construeted, that is, 
those turning elockwuse. In the assembly showm at B, the differ- 
ential is placed in such a w^ay that if used wntli an engine turning 
clockwise the drive will be reversed when the forward ratios of the 
gearset are engaged. Care should ahvays he taken wlien an axle 
is dismantled to notice the relation of the parts before they are 
taken out to make sure that they are replaced correctly. 

In some cases double reduction gearing is used in the rear axle. 
This is employed in gasoline commercial vehicles and some electric 
pleasure cars. The rear construction show n at Fig. 3S0, is that 
used on the Autocar trucks and combines sjiur and bevel gears in 
such a manner that two reductions of speed ari‘ ohtaiiu'd in&^the'^xle 
housing itself. On the end of the drive shaft a Ixw el pi&iort is car- 
ried which meshes with the ring gear wdiicli instca^d^ pf being at- 
tached directly to the differential as in the^converifional ('onstruc- 
tion, is employed to turn a countershaft on whicli a spur junion 
is mounted. A spur gear is secured to the differential and meshes 
with the spur pinion on the croafk^ahaft. A primary reduction is 
obtained between the bevel pmic^ and gear, the second reduction 
of speed being secured between the small spur pinion on the cross 
shaft and the large spur gear attached to the differential. A dif- 
ferential cross is carried in the interior of the differential case and 
the bevel pinions of the differential revolve upon the arms of this 
cross. The gears in the interior of the differential are carried in the 
differential case by means of bronze bushing and the hole through 
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the gears is broached to fit the inner ends of the wheel driving 
axle. It is not difficult to remove the differential assembly from 
the axle as the top portion carrying the bevel drive gears in the 
first reduction countershaft may be lifted off of the differential 
housing after the driving shaft is disconnected, and then the dif- 
ferential gear assembly can be lifted out of the housing member 
in the same manner as described for the full floating single re- 
duction axles. 

Worm and Spiral Bevel Drive. — In an endeavor to secure quiet 
operation vhile running, wliieli is not always possible with the 



Fig. 381. — Outlining Construction of Spiral Bevel Drive Gearing at A 
and Worm Drive Gearing at B, 


straight type of bevel gears, a number of automobile designers have 
adopted the spiral bevel drive gear w^hich is shown at Pig. 381, A, 
for pleasure car service and the worm gearing showm at B for com- 
mercial vehicles. The advantages of tlie spiral bevel gear are 
mainly due to the shape of the teeth which roll into engagement 
more smoothly than the ordinary form of bevel gears. It is stated 
that with spiral bevel driving gears the gears need not be meshed 
as accurately as with the straight gears- to secure quiet operation. 
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same rules that have been previously given for adjusting 
Straight bevel gears apply just as well to the spiral bevel form. 

The worm drive axle as usually constructed is so devised that 
the initial adjustment provided at the factory by careful machining 
of parts is never disturbed except through wear. If an adjustment 
is provided on either side of the differential assembly to which the 
worm gear is fastened, great care must be taken to line up the gear- 
ing in such a way that the center line of the driving worm will 
coincide accurately with that of the worm gear. In taking down a 
worm drive axle it is necessary to examine the condition of the ball 
thrust bearing carefully and to make sure that all parts of this 
member are clean and in good condition. Very large thrust loads 
are imposed on the supporting bearings of both worm and worm 
gears so it is important to always adjust these members so that they 
can take this thrust load and make sure that the single row radial 
bearings are not subjected to any end thrust. In the best designs 
of worm drive axles, the worm gearing is carried by a supporting 
casting which permits of careful alignment before assembling into 
the axle housing. The worm gear is usually made of hard bronze 
while the driving worm is of hardened steel. If lubrication has 
been neglected or if oil of insufficient body has been used, most of 
the w^ear will be found on the teeth of the worm gears, '^ere is 
no compensation possible for reduction in tooth size other than re- 
placing the w^orn gear with a new one. 

Two Speed Axles. — The repairman is apt to encounter rear 
axles in which tw^o sets of bevel driving gears are used in order to 
provide two speeds in the axle itself. That shown at Pig. 382, A, 
w^as used on 1914 Cadillac cars while that shown at B is the Austin 
design and has been used for several years on cars of that make. 
The construction of the Cadillac two speed rear axle, which was 
made by the Timken Axle Company, is shown at A. The power is 
transmitted from the drive shaft of the gear set in the usual man- 
ner through either of the bevel gear sets A and B or C and D. With 
the inner set the ratio is 3.66 to 1 on the high gear while with the 
outer sets the ratio is 2.5 to 1. The two large bevel gears B and 
C are riveted to the differential gear housing, though one of the 
pinions A and D that drive them is always loose on the drive shaft. 
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Pig. 382. — Examples of Two Speed Bear Axle. A — Cadillac 1914. 
B — The Austin Construction. 


Knion A is carried by roller bearings while pinion B revolves on 
Timken roller bearings carried by the casing. A sliding dog clutch 
member E may be employed to clutch either clutch teeth F which 
drive bevel pinion A or clutch teeth G which drive bevel pinion 
D. The sliding clutch is operated by the shifting rod H which is 
magnetically operated and which is locked in either position by 
the spring J. 
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The eonstniction of the Austin axle is somewhat different ini in 
this design two sets of clutches are used, one working on the dif- 
ferential, while the other works on the drive shaft. To drive the 
car with the larger bevel gears the clutch member on the drive 
shaft is engaged with the dog clutch attached to the sleeve to which 
the larger bevel driving pinion is attached. Movement of this 
clutch simllltaneously operates that on the differential case exten- 
sion so the smaller of tJie bevel ring gears is disengaged. The drive 
is then through the large bevel pinion and the large ring gear. To 
obtain the other gear ratio the clutch on the driving shaft is shifted 
^ut of engagement wdiile that on the differential case is shifted into 
place inside of the smaller of the two bevel driving gears. When 
this is done the small driving gear is coupled to the differential cas- 
ings by means of the clutch and is drneii from the small bevel 
pinion on the drive shaft. The large bevel gear wdiich is attached 
to the differential revolves the bevel pinion wuth wdnch it meshes 
idly on the driving shaft. The clutches are interconnected by a 
lever so that one cannot be engaged without releasing tlie other. 

Obviously there are more parts to w^ear in the two speed axle 
and failure to drive on either gear ratio must be due to faulty 
clutch action. In view of what has been said jireviously about bevel 
gear adjustment there should be no trouble experienced in secur- 
ing proper driving engagement of the bevel gearing when a3|bst- 
ments are provided for tins purpose. In the Cadillac design the 
entire differential assembly may be moved over just as in a single 
speed axle. In the Amstin design showui at B, no provision is made 
for gear adjustment other than that initially provided when the 
gearing w^as assembled at tlie factory. In the Austin axle plain 
.bearings are used inside of the sleeve carrying the largest bevel 
drive pinion and also to support the smaller of the bevel drive 
gears. Any depreciation of the plain bearing surfaces will result 
in noisy action and can only be prevented by replacing the worn 
bushings with new. 

Double Reduction Axles. — In commercial vehicles it is desir- 
able to use a lower driving ratio than could be conveniently pro- 
vided by a single pair of bevel gears, and yet it is desirable to re- 
tain the advantages of the full floating type of axle. A typical 
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Tig. 383.— Sectional View of Weston-Mott Double Reduction Full Floating Rear 
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double reduction axle of Weston-Mott design is shown at Pig. 383. 
In general construction and arrangement of gears the axle is very 
similar to that used on the Autocar and previously described. This 
is a built up construction consisting of cast malleable iron differen- 
tial housings and heavy steel tubes swaged down at their outer 
ends to take the bearings on which the wdieels are mounted. The 
differential is mounted on high duty roller bearings having only 
plain thrust w^ashers to hold it m place because there is no side 
thrust from the spur driving gear. The differential assembly is 
j^iven by a large spur gear meshing with a pinion on a short coun- 
^tershaft in front of the differential. This shaft is driven by bevel 
gears from the propeller shaft in the usual way. The housing is 
split vertically through the center line of the short shaft and has a 
pressed steel inspection cover at the rear. The parts may be ex- 
amined by removing this cover. As is true of all full floating axles 
the axle shafts may be withdrawn by merely removing the hub caps 
serving to keep them in place. 

Another form of double reduction axle is shown at Fig. 384. 
This is known as the internal gear drive type and is very satisfac- 
tory in commercial applications. The mam feature of these axles 
is the combination of a non-revolving load carrying member with 
a jack shaft similar in construction to a live rear axle 
the rear w^heels through the medium of si^l spur pimo|^A Iteming 
with large internal ring gears. As shown m the drawmg the carry- 
ing member is an I section drop forging ujppn which the wheels are 
mounted. There is an opening in the center of the forging in which 
the central housing member carrying the differential assembly and 
driving pinion is securely bolted. The power transmission member 
is located at the rear of the supporting axle. The construction is 
such that the differential assembly may be removed without taking 
the entire axle apart, though the wheels must be taken off of the 
spindle to permit the withdrawal of the pinion drive shafts. The 
method of adjusting the bevel pinion is the same as has been pre- 
viously described in which the entire pinion assembly including the 
drive shaft and supporting bearings may be moved in or out to mesh 
with the differential ring gears. To adjust the gears to one side or 
the other the lock members carried at the rear end of the axle and 
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Fig. 384. — ^Part Sectional View Showing Construction of Internal G^ea^ Drive Bear Axle. 
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wMch are removed by taking off the pressed steel cover must first 
be released. The taper roller bearings are carried in cages or hous- 
ings provided with threaded adjusting nuts which may be used to 
draw the housing of the bearing the way it is desired to adjust the 
ring gear. Obviously it will be necessary to loosen one of the nuts 



Pig. 385. — Showing Arrangement of Mobile Wheel Spindle Used on 
Jeffery Pour Wheel I>riTe and Steer Truck, 


by moving it toward the diffel^^ntiiil assembly the same number of 
turns that the other adjustment niember is screwed away from the 
assembly when adjusting gears. 

Pour Wheel Drive Systems. — There is a growing appreciation 
of the value of having all four wheels of commercial vehicles com- 
bine directive and tractive functions, especially if these are to be 
employed for towing trailers as well as carrying a load on their 
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own platform. One of the leading exponents of the foar ^h««l 
drive system in this country is the Jeffery Compan'' , th ^ chief , pe- 
culiarity in its design being in the construction of ne axles. Both 
front and rear axles are the same in ^construction, the general de- 
sign being shown at Fig. 385. The wheel carrying spindle is at- 
tached to a member that may be moved back an<l forth on the axle 
end for steering tlie same as the front wheel sp>ndle of any car is. 
The method of imparting the motion of the driving shaft to the 
wheel even wlien that member is at an angle for steering is simple. 
A differential assembly is carried by the non-rotatable axle forging, 
the drive to the wheel being through a drive shaft and universal 
joint attached to the wdieel drive pinion. The construction is simi- 
lar to that of the internal gear drive previously described, except 
that a universal joint is interposed in the driving shaft to permit 
the w^heel drne pinion to assume the same angle as the wdieel spin- 
dle carrier without excessive loss of powder. 

Spur and Bevel Gear Differential. — Differential gearing is of 
two main patterns, that shown at Pig. 378, C, being termed ‘‘bevel 
gear type’^ because only bevel gears and pinions are employed 
wdiile that outlined at Pig. 386 is knowui as a “spur gear differen- 
daP’ because gears of the spur form only are used in providing 
differences of wheel speed when turning corners. Tlie differential 
is one part of the automobile that seldom gives trouble, the bevel 
pinion form being stronger as a rule and less liable to breakage 
than that using spur pinions. If the differential is at fault, trouble 
will be experienced in steering the car around corners if the parts, 
Mre wedged together so tliat none of the gears can turn, whereas if 
the teeth are broken or sheared off it will be impossible to drive the 
calr. Before the advent of high grade alloy steels and before the 
art of heat treatment w^as as well understood as it is at the present 
tune, differential gears of the spur pinion type w^ere apt to become 
inoperative through the gears cracking or the teeth stripping. At 
the present time these troubles are not apt to occur because high 
grade steels are used in differential constructions. When testing 
to see if the differential is in good condition it is necessary to jack 
up the rear axle till the wheels are clear of the ground. One wheel 
should be turned by hand and if the other turns in the same d^ 
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, re^tion and cannot be prevented from rotating except by the exer> 
l^on of considerable eifort to restrain its movements, it is a sign 
tl^at the differential gear is not functioning properly and that it 
is stiff in action. On a number of early makes of cars ; especially 
cheap ones, the bevel differential gears were held on the wheel drive 
axles by pins which were apt to shear off after being in use for 
some time. This will permit the gear to revolve independently df 
the shaft and not drive the wheel. Another fault was shearing of 
the retaining bolts or rivets that held the differential assembly and 
the ring gear together. This would permit the driving gear to re- 
valve without turning the differential case. 

In most bevel dif- 



ferentials and in all 
spur forms the small 
pinions are bushed 
where they revolve on 
a supporting pin. 
After the differential 
has been in us^ for a 
period, and efe|cially 
when lubricati^ has 
been .neglected, these 
bronze bushings may 
' become worn enough 
’*‘^ 80 the bcvd pinions 
will be ^lo<lie'' on their 
supporting pins in one 
case and the spur pin- 
ions have lost motion 


on their supporting axles in the other. As these bushings are not 
adjustable it is necessary to drive out the old ones and to force the 
new ones to compensate for this depreciation. The gears attached to 
the wheel drive ^xle are employed in a number of cases to support 
the drive shafts rotating with them in the differential casings. Any 
lost motion in the bushing surrounding the face gear hub must be 
taken care of by forcing in new bushings in the differential ea^e 
bosses. The method of taking a bevel differential apart is clearly 
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outlined at Fig, 378, C, as is also the relation of the various parts 
in different stages of assembly. The housing of the average spur 
pinion differential may be taken apart by unscrewing the pins on 
which the differential pinions revolve as these also serve as reten- 
tion members to keep the two members comprising the differential 
'Case together. 

Chain Drive Troubles. — There are very few chain driven pleas- 
ure cars in use at the present time, these generally being models 
five or six years old. Chain drive is still used extensively on com- 
mercial vehicles, however, so it w’lll be necessary to give some in- 
struction for the care and adjustrhent of chains. ]\Iost of the 
troubles in chain drive are due to worn driving chains or sprockets. 
The reason for this depreciation is that chain drives, for the most 
part, are run without any protective casing and grit and dirt col- 
lect between the chains and sprockets and in the bearing surfaces 
of the chain itself, and if not removed by frequent cleaning of the 
chain it will rapidly grind away the sprocket teeth and cause the 
chain to become very loose. A typical chain drive system is shown 
at Fig. 387. The wheels revolve on a non-rotatable axle, being car- 
ried in most cases by some form of anti-friction bearings. Power 
is transmitted from small sprockets carried by a jack shaft sup- 
ported by the chassis frame to the larger rear sprockets usually 
secured to the brake drums by means of some form of steel link 
chain, the roller chain being the form most generally applied. If 
the sprocket teeth are worn hook shape, it is necessary to replace 
the sprocket with new ones. If the chain is too loose, so that it 
‘‘whips'' when in service, the radius rods that are fastened to the 
axle at one end and the jack shaft at the other may be lengthened 
by the adjustment means provided to increase the" center distances 
between the driving and driven sprockets. Tightening chains must 
be done with judgment as it is more undesirable to run them too 
tight than it is too loose. Wlien a chain has been tightened to a 
suflScient degree there should still be a small amount of slack which 
will permit the chain to drop at its lower side as shown at Pig. 387. 

A driving chain is tested for wear by bending it sideways to 
feel the looseness between the link pins and bushings. After con- 
siderable wear has taken place on each of the bearings of the chain 
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links the chain will liave lengthened out of pitch and should not 
be run as it will produce rapid wear of the sprockets. After a 
chain is worn it is apt to break when a load is suddenly applied, or 
when the engine is called upon to exert its maximum power as in 
climbing grades. The two forms of chains that have been gen- 
erally applied for driving an automobile are the roller chain as 
shown at Fig. 388, B, and the silent chain shown at Fig. 389. The 





Fig. 387.^Practical Application of SWle Chain Drive. 


block chain, which is shown at Fig. 388, A, has been seldom ap- 
plied except on very early forms of automobiles. The roller chain 
is made in two main types, the quick detachable which is shown at 
B, and the riveted type as shown at C. With the riveted type new 
links can be replaced only by driving out the rivets with a steel 
drift after the ends have been ground off to permit driving the 
rivet out of the side plate. 

Quick detachable types offer the advantage of being taken apart 
at any point by removing a simple lock member which may be in 
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the form of a stamped plate, as shown at B or a split pin passing 
through the end of the rivet as shown at D. Even the riveted types 
of chains are joined together by a quick detachable link member 
which is called ‘‘a master link^^ to permit taking the chain off of 



Fig. 388. — Showing Forms of Driving Chains and Bepair Dinks for 

the Same. 


the sprocket without having to drive out retaining rivets. The 
chain repair links are made in a number of types, those shown at 
E and F, Fig. 388, consisting of two side plates with the rivets 
or pins that form a bearing for the roller link shown at G. When 
it is not possible to shorten a chain by removing a roller link as 
at G, and one of the pin-carrying links as at E and F, a Special 
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off-set link shown at H is provided. As will be apparent this will 
^‘oin one of the side plate links with one of the roller carrying links. 

The method of taking tlie chain apart shown at B may be read- 
ily understood. The ends of the roll carrying pin are provided 
with annular grooves machined around them. The locking mem- 
ber is a stamped steel plate which is pushed over the pin and which 
has a horizontal slot in one end that is slightly less in width than 
the diameter of the rivet pin, and which therefore cannot come off 
of the pin when it is forced into the groove at the end of the pin. 



rig. 389, — Showing Construction of Whitney Silent Chain. 

After the horizontal slot has been pushed over the jiin, the end 
carrying the vertical slot is pulled down over the other pin. The 
chain side links are provided with depressions in which a suitably 
raised punching in the link locking stamping springs when the 
locking member has been pushed in place. In the section of chain 
shown at B, the locking member at the left is about to be pushed 
in place while that at the right is shown in the position it occupies 
to prevent loosening of the chain link. 

The method of locking the master link on the Baldwin chain is 
clearly shown at Pig. 390. In this washers of soft steel are used 
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to fit the locking grooves in the end of the rivet pin*s. After the 
washer has been sprung in place, it is tightened around the pin 
with a pair of pliers. In the Whitney chain, also shown at Fig. 
390, the side plates are held by split pins which may be readily re- 
moved w^hen it is desired to pull off the side plate. It is often found 
difiScult to replace a large heavy motor truck chain on account of 
trouble in bringing the links sufficiently close together to slip in 
the master link. This may be easily overcome by using a simple 
tool shown at the bottom of Pig. 390. This consists of a pair of 
hooks made of stock sufficiently small in diameter to go between 
the rollers and side 
plates of the chain 
link. One of these 
hooks is provided with 
a right hand thread, 
the other with a left 
hand thread. A piece 
of hexagon bar stock, 
four or five inches 
long, IS provided, a 
hole being drilled clear 
through. One end is 
tapped right hand to 
match the thread on 


one hook, 
other end 
left hand 
thread on 


while the 
is tapped 
to fit the 
the other 
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Fig. 390. — ^Two Types of Quick Detachable 
Chain Links and a Simple Tool to Facili- 
tate Insertion of Master Link. 


hook. When the hooks 
are started into the 
ends of the threaded 
bar, a very effective 
turn buckle arrange- 
ment is obtained by which all slack may be taken out of the chain 
and the links brought near enough together to insert the master 

link. 

If chains are properly cared for they will not wear as quickly 
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as when neglected. The careful truck driver will remove the chains 
^ every week and allow them to soak in kerosene so that all grit will 
be washed out of the joints. After this, the kerosene is thoroughly 
wiped off and the chain is immersed in melted tallow and graphite 
until the lubricant has a eliance to penetrate between all the rivets 
and roller bushings. The surplus lubricant is wiped off of the 
chain after it has been allowed to cool and the chain replaced. Tlie 
practice of oiling the chains wdth an oil can or with grease applied 
to the surfaces is not conducive to long chain life because it only 
serves to collect the grit and lead it to the bearing surfaces. The 
silent chain, wdiich has been adopted in a number of cases for cam- 
shaft drive in the engine and for coupling up starting motors and 
generators to the crankshaft, may also be used for final drive. It 
luis been used in friction drive cars, notalily the Lamliert, Carter 
car and new models of the ]\Tetz touring car. AVhere this type of 
chain is used it is usually protected by a casing and runs in an oil 
bath. "When mounted in this manner the silent chain is not apt 
to depreciate rapidly, as is true of the roller chain w’hen the links, 
rivets and bushings have w’orn the chain will stretch out of .true 
pitch and wdll become seriously w^eakened. If there is unusua|jjs^e4t‘ 
or lost motion at these points the only remedy is r(‘i)laceiu^jijffaln. 
a new chain. Whenever a new chain is installed on it is 

imperative to replace the sprockets as w'cll because a new' 'ffiain will 
not run w^ell on w’orn sprockets, nor will new s^prockets operate 
properly with a worn chain. 

Live Axle Kepairs. — Among the parts of the live axle that de- 
mands inspection from time to time are the differential and driving 
gear assembly, which have been previously described, and those parts 
of the rear construction upon which its structural strength depends. 
There are other points, »uch as spring seats, the brake mechanism 
and the bearings upon which the various rotating members are 
carried that must also receive attention. Noise from a rear axle 
often results when bearings that are too small have been used or 
when these have been of a type not properly adapted for the work 
they were expected to perform. For example, a number of axles 
has been marketed in which only single row or radial bearings 
have been used to take the thrust between the bevel drive gears in- 
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stead of supplying bearings especially adapted for that purpose. 
The pressure of the bevel gear teeth, as soon as it reaches a cer- 
tain point would cause a wedging of the balls and races, especially 
when the ear is on the lower speed ratios or if the transmission 
brake is applied sharply at full speed or if the wheel brakes are ap- 
plied without releasing the clutch. A harsh acting clutch will also 
impose these intermittent wedging stresses on the bearings. This 
is unfortunate because if by any such action the ball bearings have 
been put out of line, tlie distortion betwe^^n the inner and outer 
races will result in rapid bearing depreciation which of course pro-* 
duces considerable noise. Another trouble met with in semi-float- 
ing axles is replacing wheel dri\e shafts for d(deetive ones that are 
too short and winch do not abut inside of the differential. In this 
case wiien one rear wheel skids violently or is thrown against some 
obstacle on the liighw^ay the severe end thrust shock is frequently 
transmitted to a bearing supiiorting the differential winch results 
in tliese members depreciating sooner than they w^ould if sub,]ected 
only to the load they arc supposed to resist. It is considered good 
practice to transmit the shocks from one wlieel to the otluT through 
the middle of the axle without engaging the differential housing. 
Tliis is done by the manufacturer when be establishes a contact be- 
tween the tw^o inner ends of the wlieel shaft. When the shafts are 
replaced or reiiairtMl care should be taken that this mutual abut- 
ment takes place as intended. In some designs a large size steel 
])a]l IS placed betwT^en the axle ends, in oliiers, flber or steel wmshers 
having curved and straight sides are used, the curved sides being 
placed against each other, wdiile the straight sides are placed against 
the shaft ends. Shafts of three-quarter or full-floated axles are 
not supposed to abut. 

The rear axles of many shaft driven ears are braced with ten- 
sion rods, but after being in use for a time the vibration of the 
axle and the up and down hammering action that obtains over 
rough roads eventually lengthen the rods and relieve their tension, 
which, of course, results in a cessation of the functions they are 
intended to perform. The tension rods should be carefully exam- 
ined from time to time to make sure that they are properly tight- 
ened as if loose a certain amount of sagging will take place which 
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results in lack of alignment of the parts carried by the differential 
hopsing which will result in noisy action. Many cases of distorted 
4ixle housings have been noticed in light cars that have been oper- 
ssAted over rough roads. This will result in the wheels being bowed 
so that the tops are nearer together than tlie bottom, as sliown at 
Fig. 391. Ill many cases the sprung axle housing may be drawn 
back in line and materially strengthened by the use of a truss rod 
placed under the differential housing and attached at the wheel end 
of the axle by some form of clamp, passing around that member. 



Fig. 391. — Method of Bracing Sprung Rear Construction hy Truss Rod. 

The rod should be at least half an inch in diameter and be made of 
cold rolled steel. A turnbuckle is placed in the rod to draw the 
parts together and straighten out the axle housing. The condition 
shown in the diagram is exaggerated in order to make the defective 
condition clearer. It is not possible to take out all the sag if an 
axle has been neglected and it is also important to notice whether 
the wheels are loose because of worn bearings or whether the wheel 
driving axle is bent before any attempt is made to compensate for 
this defective condition by trussing under the rear construction. 

In many eases where the bevel driving gears have worn the 
repairman has the job of replacing the worn parts. In some cars 
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the ring gear is riveted to the differential ease flange, though in 
most of the modern designs it is attached to that member by meaits 
of bolts. If the threaded retention members are used it is not k 
difficult proposition to remove the bolts and the old gear and fasten 
the new one in place. Where the ring gear is attached by rivets, 
however, an entirely different procedure mu..t be followed. The 
first step is the removal of the old gear by chipping off the rivet 
heads with a sharp chisel in order to drive the old rivets out or to 
drill out the rivet head if this is of the countersunk type. After 
the rivets have all been driven out and the old ring gear removed, 
the flange should be carefully gone over and all upstanding burrs 
should be smoothed down with a file. Any irregularity on the 
flange w’lll result in the ring gear being out of true, as far as its 
meshing wdth the driving pinion is concerned. 

Hot riveting is preferable to cold riveting because when the 
rivets are put in red hot they fill the holes better as they are headed 
over and additional holding power is secured by the cooling shrink. 
In order to make a neat job of riveting it is imperative to use a 
rivet set. A skillful mechanic may be able to form up a head with 
a peeiiiiig hammer but tins at best is a sloW' job and there is always 
some danger of injuring the differential casing or the gear teeth 
should the hammer slip. 

A rivet set is very easily made by using a bar of steel about 
one inch square and five or six inches long, tapering off the end so 
it will fit in the space between the gear teeth and the differential 
casing and forming the depression in the end that makes the rivet 
head either by drilling m with the point of a drill, or by heating 
the bar of steel to a good forging heat and making the depression 
by driving a rounded bar of steel to conform with the rivet head 
into the headed end. 

The usual size of rivet used on small cars is ji-ineh. On the 
larger pleasure cars, % e-inch or ^-inch diameter rivets will be 
used. The rivet should be sufficiently long so that it will project 
through the flat surface against which the head is to bear a length 
equal to times the diameter of the rivet stock. The work of 
riveting must be quickly done. The rivets are heated in a foi^e 
and when red hot are jilaced in the hole, the head end dov;n againat 
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an anvil while the projecting end is lieaded over with a rivet set 
^ and a 5 pound hand sledge or machinist's hammer. After the first 
Hvet has been placed, the next one to go in should be put in dia- 
metrically opposite. This holds the gear firmly in place against 
the differential gear case flange, after which the other rivets may 
be put in as suits the convenience of the operator. It is well to 
bear in mind that a well rounded rivet head is apt to have more 
Strength than large, roughly flattened heads that have been pro- 
duced by hammer blows and without the use of a rivet set. 

Axle Lubrication.— IMany cases of noisy driving gears result 
from lack of lubricant in the differential housing, and a ininiber of 
cases of rapid depreciation of live axle bearings have been traced 

to neglect in oiling 
these essential parts. 
The reason for this is 
that most of the axle 
members are lubricated 
through the medium of 
compression grease 
cups, which are more 
or less inaccessible un- 
less the operator gets^ 
under the car. The 
average motorist who 
takes care of his own 
car does not enjoy get- 
ting under the chassis 
unless absolutely nec- 
essary. Points that 
must be reached peri- 
odically are apt to be 
neglected, whereas if 
the oiling was not too much of a task, they would receive regular 
attention. If a rear axle on a practically new car grinds or hums 
the first step is to introduce some grease into the differential casing 
unless the noise is so pronounced that it is evident it must be caused 
by lack of alignment or poor meshing of the driving gears. 



Fig. 392. — How to Eivet Driving Gear to 
Differential Gear Case. 
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Most differential housings have a removable cover plate leaving 
an opening through which grease may be introduced when neces- 
sary. It is somewhat of a task to remove this cover, so man^" makert^ 
provide a plug through which the spout of a syringe Jr grease gun 
may be introduced to advantage. 

A very practical form of grease gun is si own at Fig. 393, A. 
This is filled with the grease used for oiling the differential gears 
by drawing the plunger to the extreme outv ard position and re- 
moving the threaded closure member to winch the spout is at- 
tached, This makes it possible to pack the grease in the pump 
barrel after which the eover is screwed hack. In order to force 
the heavy lubricant 
out, a simple ratchet 
mechanism is provided, 
worked by a handle, 
which provides consid- 
erable leverage, this 
working against a se- 
nes of ratchet teeth on 
llie plunger rod of the 
pump. By grasping 
the pump as sliowui it 
is possible to empty the 
syringe with very lit- 
tle exertion by moving 
the trigger-like lever 
to push in the plunger 
to displace the grease. 

Other forms of grease rig. 393— Methods of Lubricating Bear 
guns have a threaded Construction, 

plunger rod, which 

may be screwed in the barrel to force out the grease; some use 
compressed air. 

Where grease cups are fitted in important but inaccessible places 
the conscientious operator is obliged to reach under the chassis and 
assume uncomfortable positions, not to mention the ever present 
danger of soiling the clothing. An easily made and inexpensive 
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device i^hown at Fig. 393, B, which will bring the grease cup out 
to a where it may be easily reached. The material necessary 

'consists of a piece of ordinary one-eighth inch gas pipe, an elbow, 
coupling, and a short nipple which are joined together as indicated. 
To install the device the cup is removed and the distance measured 
from the part to be lubricated to the most convenient point where 
the grease cup is intended to be placed. Practically all compres- 
sion grease cups are provided w^ith a one-eighth inch standard male 
gas-pipe thread. When the grease cup is removed from the axle 
there should be no difficulty in placing a nipple in the opening left 
by the withdrawal of the grease cup. The elbow^ is attached to the 
nipple, after wffiich the piece of pipe, w^hich has been cut the proper 
length and threaded at both ends is screwed into the elbow at one 
end and the coupling screwed on at the other. Tlie grease cup is 
then screwed into the female thread at the end of the coupling 
Care should be taken to fasten the pipe at the grease cup end by 
means of a metal clip, as if it is not securely fastened to some part 
of the axle it will be apt to break off due to vibration. It should 
be remembered that it is necessary to fill the entire lengtii of pipe 
with grease before any will reach the bearing point, there^oise^ it 
is important that the grease cup be refilled a number of to 

make sure that grease will reach the bearings. 

No part of the automobile is exposed to more dnst. and dirt than 
the operating linkage of the hub brakes. Upon the majority of 
automobiles no means are provided for effi^ive lubfrieation of these 
parts. Any looseness of the bearing piM' causes a disagreeable 
rattling due to rapid wear of the dry bearings. The usual method 
of lubrication is by a squirt can, oil being applied to the crevices 
between the moving and stationary parts with a liope that it may 
find a way between bearing surfaces. It is well to wipe off surplus 
lubricant from the outside of the joint, as this only serves to at- 
tract and hold road dust. 

Methods of Retaining Lubricant in Wheel Hubs and Differ- 
ential Housings. — The retention of lubricant and exclusion of dust 
IS one of the problems confronting the designer of automobile axles 
that can be solved in a number of different ways. It is important 
to prevent the escape of grease from the differential hoi;ising be- 
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Fig. 394. — Showing Typical Methods of Retaining Grease in Differential 
Housings and Wheels. 


cause it will accumulate on the internal brakes and reduce their 
efficiency. While it is difficult to overcome leakage due to an ex- 
cessive supply of lubricant, if reasonable precautions are taken in 
this respect, an axle housing may be made practically grease tight. 
A number of oil -retaining methods selected at random and known 
to give satisfactory result-s in practice is depicted in accompany- 
ing series of illustrations. 

A worm gear drive axle is more apt to lose oil because this form 
of gearing demands more lubricant and of a more fluid nature than 
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ordinarily supplied to bevel gear driven axle housings. An 
iBg^pious application of a self-tightening stuffing box is used in the 
,,con^^ruction outlined at Fig. 394, A. The tubular housings that 
enclose the live axles project into tlie differential ease and have an 
enlargement at the end closed by a packing retention nut. This 
bears against one wedge-shaped graphited packing which fits the 
taper seat of the other packing element. As a certain amount of 
wear is unavoidable as the shafts revolve inside the packings, some 
method of keeping the packings properly seated is necessary. This 
is accomplished by a coil spring which holds the packings in inti- 
mate contact with the shaft. When the car rounds a curve and 
the lubricant is thrown to one side, the space between the sleeve 
tube and housing acts as a pocket and retains the oil, allowing it 
to flow back to the bottom of the housing when the car is no longer 
tilted. *4;" 

In a number of felt wadiers form an effective barrier 

against passage of oil the shaft, though when these are em- 

ployed, a supplementar^ttgffiking member is utilized at the wheel 
end of the axle. Two fell wishers firmly held between steel clamp- 
ing plates may be fitted as at B, or a special composite member as 
outlined at C may be substituted. The packing member is inclined 
as shown, so that the oil carried around by the axle will be de- 
flected back to the bearing housing. 

The self-adjusting stuffing box arrangement shown at D is simi- 
lar in design to that outlined at A, except that more felt \v&fiers 
are used and metal wedges are depended on to keep the w^hers 
bearing against the axle. As in the other design, the i)ressure of 
a substantial coil spring keeps the metal wedges in firm contact 
with the felt packings. 

There is no better known or more effective method of keeping 
oil from leaking out of the axle at the wheel eM than the patented 
oil slinger invented by Weston-Mott engineers and depicted at E. 
The function of this member, which revolves with the wheel, is to 
throw the oil which leaks by the felt washers into an oil catch basin 
cast integral with the brake-band carrying plate. A bent pipe at 
the bottom of this chamber allows the oil to drain off to the ground, 
clear of the brakes and tires. 
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The method shown at P involves the use of a tapering axle hous- 
ing tube and a bearing retention nut carrying a liberal felt washer 
in an annulus machined therein. Should any oil pass by the felt 
washer, that member must be renewed. The construction outlined 
at G is a combination of felt washer to restrain the oil and a catch- 
basin to hold any lubricant that escapes jiast the felt xiacking. The 



Fig. 395. — MisceUaneous Grease Retaining Methods. 


oil container is attached to the casting used to support the brake 
assembly. This system is used by the Salisbury Wheel & Mfg. 
Company. 

The methods of grease retention shown at Pig. 395 are similar 
to those previously described. At A, a simple oil retaining ring 
and felt packing are believed siiflfieient. At B, we have a modifica- 
tion of the idea shown at A, in which a more liberal felt washer is 
used which is held in a pressed steel retaining niember. The stuff- 
ing box idea as shown at C is more often used on transmission gear 
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e^ses than on rear axles, but as the gear case is sometimes combined 
with the differential housing a packing of this form may be found 
on the rear axle. In order to prevent oil leakage it is necessary 
to screw up on the packing ring to compress the felt more tightly 
against the shaft. Before the adjusting member can be turned it 
is necessary to release the locking screw which must be replaced 
when the stuffing box has been properly tightened. The automatic 
stuffing box shown at D is used on some Overland rear axles. This 
consists of a substantial felt washer held between steel plates, a 
constant pressure against the w^asher being exerted by a coil spring. 
Other Overland models have the grease packing shown at Fig. 395, 
E. This is the form of stuffing box widely applied in marine use 
which must be taken up from time to time to compensate for wear- 
ing of the felt packing member. If grease escapes from the end 
of the axle shaft and accumulates on the wheels or tires, this may 
be taken as a sure indication that the felt packing is worn and must 
be replaced with new washers. It is not only desirable to keep 
the grease in the axle on the score of cleanliness, but also on that 
of economy of lubricant. 

Types of Axle Bearings, — At the present time most automobih' 
axles are equipped with anti-friction bearings of various types. 
These may employ either ball or rollers as load ('arrying demeJits 
Two common forms of ball bearings are shown at Fig. 39B, A and 
B, The cup and cone type shown in part section at A has been 
widely applied to the front wheehi of light and medium priced 
pleasure cars and in some cases as a support for the sides of th(‘ 
differential. It is an angular contact form and requires adjust- 
ment. The bearing at B is an annular form intended only for sup 
porting radial loads. It is a non-adjustable unit and when it weai s 
it must be replaced with a new bearing. 

The roller bearings used are in three main forms, that shown 
at C using straight rolls of solid steel, that at D using solid taper 
rolls and the forms at E and F which use straight, hollow rollers. 
The taper roller bearing and the cup and cone type ball bearings 
are of the ^‘take up^’ type. This means that they must be ad- 
justed for smooth running and all lost motion eliminated after the 
members they support have been assembled in the rear construe- 
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tii>3QL. Both of these bearings have angular load lines which adapt 
them to resisting end thrust and radial load in combination. The 
annular ball bearing shown at D is capable of withstanding slight 
end thrust but is not generally sold for this purjiose. The straight 
roller bearings have no end thrust capacity and when used in an 
axle must be supplemented by other bearings, usually ball thrust 
washers, that are adapted to resist the end thrust. 

The IJyatt bearings, which are shown in the standard form at 
E, and the high duty type at F, have rolls made in the form of close 
wound spiral springs. This bearing has been very widely used, as 



rig. 397. — Illustrating Two Methods of Mounting Front Wll^ Hubs 
on BaU Bearings. A — Cup and Cone Bearing. B — ^Unit Non- 

Adjustahle Bearings. 


is also true of the Timken roller bearing shown at D. In the stand- 
ard type Hyatt bearing the long rollers are intended to bear di- 
rectly on the shaft they support. In the high duty form the alloy 
steel rolls are shorter and are provided with accurately ground in- 
ner and outer race rings. 

Two applications of ball bearings to front wheel hubs are shown 
at Fig. 397. That at A uses Radax bearings which are of the an- 
gular contact cup and cone type. The method of adjustment is 
clearly outlined. The wire wheel hub shown at B is mounted on a 
combination mounting consisting of a double row bearing clamped 
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firmly in the master hub shell and also tightly held on the wheel 
spindle. The single row bearing on the onter end of the wheel 
spindle is not called upon to take any end thrust as. the double row^ 
bearing is. If any looseness develops in the hub me anting shown 
at A, and upon examination the bearing components are found to 
be in good condition, the trouble maj’' be easily corrected by screw- 
ing up on the adjusting nut to bring the cone of the outer bearing 
more firmly in contact with the balls which in turn push the outer 
race member and the hub it supports over tow^ards the steering 
knuckle and take out any lost motion which may exist between 
the parts of the inner bearing. When looseness develops m the 
hub of the form shown at B, the trouble is usually due to the lock- 
ing nut on the end of the sjimdle becoming loose and allowing some 
clearance betw'cen the spacer and the bearing inner races. The 
remedy for this condition is to tighten up on the nut to bring the 
bearing races and the sjiacer into more intimate contact. In exam- 
ining bearings of the non-adjustable form it is imperative to have 
these perfectly clean as small particles of dirt wdll make them run 
harshly. The iiipiression a dirty bearing will give is just as bad 
as a w^orn one will produce, so before a bearing is condemned it 
should be thoroughly cleaned. 

Eemoving and Installing Ball Bearings. — Many anti-friction 
bearings are damaged in removal or during application wdien re- 
X>airing mechanism in which they are mounted, but this results 
more from ignorance of their nature than deliberate intent to dam- 
age them. A common cause of bearing failure is noted wdien they 
are driven in x>lace by blow’^s from an ordinary machinist's hammer 
applied directly to the bearing face or through the medium of a 
steel drift or blunt cold chisel. Ball bearings should never be 
driven in place or removed by use of steel or other hard metal 
tools because the race members may be permanently sprung or de- 
formed by this treatment. Wherever the construction permits, 
which is true of most automobile applications, bearings should be 
removed by direct application of pressure to the part that is tightly 
fitted. When a bearing is mounted in a wdieel hub, as indicated 
at Pig. 398, a simple form of wheel puller can be employed to ad- 
vantage. This is a substantial casting of malleable iron or bronze 
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mi^e approximately the same shape as the hub cap, threaded in- 
side to fit the hub and having a substantial set screw at least 
inch diameter passing through the threaded boss at the center. The 
screw should be long enough to pull the wheel and bearing entirely 
off the spindle or axle tube. A shouldered plug of steel with a de- 
pression drilled in to locate the screw point may be pushed in the 
hollow tube to centralize the screw pressure. In use, the wheel 



Wheel Hub From Full Floating Bear Axle. 

puller casting or wheel is kept from turning, so that as the screw 
advances, it pulls off the wheel and the bearing it contains. 

A modified form of puller having two arms and a cross beam 
that can be used when a bearing cone must be removed from an 
axle or spindle is outlined at Fig. 399, A. An attachment to per- 
mit it to remove a bearing of the unit type such as a single or 
double row annular without exerting any pressure on the balls or 
outer race is clearly depicted at Fig. 399 B. This consists of a 
split easting adapted to be clamped loosely around the shaft back 
of the bearing inner race and any pressure exerted to remove the 
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399. — ^Methods of Bemoving and Installing Ball Bearings Without Damaging Them. 
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bearing is applied directly against the member which is a force 
fit on the shaft. When any form of hub or bearing puller fails to 
start the member to which it is applied by direct pull, its action 
may be accelerated after the screw has been tightened sufficiently 
to place the parts under a certain initial tension by a few sharp, 
well directed hammer blows on the beam or main body of the 
device. 

In all cases where possible, the pressure ai)plied to remove a 
bearing or x>art should be exerted directly against the portion that 



rig. 400. — Sunple Tools for Ball Be^ng Installation lind Bemoval. 

is a tight fit on the shaft or in the housing. In mostl^ses it is 
the inner member of the bearing that is a force or press fit on the 
shaft, the outer race member is usually a push fit in the housing 
^d may be easily removed. If it is necessary to force the bearing 
off with a series of blows, always use a brass or hard babbitt metal 
bar or drift between the bearing and hammer, or even a piece of 
hard maple, hemlock or oak. Do not direct all the blows at any 
one point on bearing as this tends to cramp it and will make it 
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harder to drive off. Distribute them evenly around the entire cir- 
cumference, always having successive blows at points diametrically 
opposite. When driving bearings in place, it is always best to use 
some form of soft metal yoke member as shown at Fig. 399, C, or 
tubular section piece as shown at Fig. 399, D. With either the 
yoke or the other tubular form the hammer blows are distributed 
evenly and the bearing is driven in place without injury to either 
shaft or bearing components. When a double fork member is used, 
one end can be made to drive against the inner race member while 
the other can be spread enough to fit the outer race if desired. 

Tiie method of driving an inner race in place shown at Fig. 
400, A, is recommended by the Iless-Briglit Bearing Company. 
This is a cast brass tubular member proportioned about as shown. 
Malleable iron or any relatively soft material will answer in place 
of the brass. It is possible in many cases to make very satisfac^ 
tory bearing installing members of standard brass pipe. Most ball 
bearings have the size number stamped on the side of the inner 
race. When installing Hess-Bright bearings always place the un- 
numbered side on first wlien driving in jilace. The tool shown at 
Fig. 355, B, IS recommended for removing bearings. The essential 
point to obser\ e is to exert a steady, uniformly distributed pull on 
the back side of the inner race in pulling that member off the 
sha^, instead of against the outer race and the balls. The method 
of operation is very simple, the inner split ring A is placed back 
of the inner race X. The split ring is held together by a solid outer 
ring B placed on its circumference having holes for the straddle 
bolts D, directly over the joints in ring A. The outer ring B is 
connected to the cross bar E by the two straddle bolts D. Cross 
bar E is supported by the set screw F entering the shaft center 
hole and the bearing is easily withdrawn from the shaft by apply- 
ing a wrench to the set screw. 

In adjusting cup and cone ball bearings or taper roller bearings 
it is necessary to make the adjustment very carefully in compeil^ 
sating for lost motion that exists in the assembly. The condition 
of the bearings may be determined without difficulty when thes#' 
are used in the wheels by jacking up under the axle to raise the 
wheel clear of the ground and thus relieve it of car weight, then by 
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grasping the wheel rim at opposite points and attempting to shake 
the wheel. Any looseness in the bearings can be detected by Jost 
motion between the wheel hub and spindle. Care should be taken 
i^t to confound this lost motion with looseness in the steering 
knuckle supporting pin. 

In taking up lost motion when any type of adjustable bearing 
is employed, considerable judgment must be exercised in screwing 
up on the adjusting member not to get this up too tightly and im- 
pose an injurious end pressure on the balls or rollers. An excess 
pressure that will stress the bearing parts dangerously will not 
make much difference in the wheel resistance when turned by hand, 
though when the car weight must be sustained at high speeds or 
when going around corners the resistance will be increased materi- 
ally and bearing endurance reduced in proportion. A safe rule to 
follow is to take up the wear by screwing in the adjustment nut 
enough so the '‘shake'' or looseness will be eliminated and yet per- 
mit the wheel to "spin" for a few revolutions wdien given an ini- 
tial impulse. Many motorists and even inexperienced mechanics 
commit the error of adjusting bearings of the "take up" type too 
loosely. This is not desirable, any more than fitting parts too 
tightly together is. Always lock adjustment nut firmly in pljhce 
when proper adjustment has been secured. . ^ 

» In some gear boxes and axles, the bearings are shim a^#|ed. 
A number of thin washers of sheet brass may be in ter posed I)6t Wen 
the bearing cup and the retainer cap. When taking di>ym an, as- 
sembly of this nature always keep the shims from, any beajcing 
box together and tagged for future identification to insure that tfie 
adjustment made in the factory will be maintained after rewfU^ly 
in the repair shop. If the bearings are loose for any reaso^ add 
thin shims about .005-inch thick to the others, until there is no ap- 
.Jireciable lost motion and yet no binding between bearing parts. 

A word of caution is necessary to the inexperienced motorist 
When tightening adjustable bearings of the cup and cone type. The 
first thought when looseness is detected is to tighten them by bring- 
ing the cones into closer engagement with the balls and thus force 
these members more tightly against the bearing cups. This should 
never be done without examining the condition of the cup, cone 
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Fig. 401. — Illustrating Depreciation in Cup and Cone Bearing at A and 
B and Method of Bemoving Cone from Wheel Spindle at C. Use of 
Drift in Driving Out Anti-Friction Bearing Cups from Wheel 
Outlined at F. 

and ball and separator assembly. If a groove has worb in the cttp 
and cone, as shown at Pig. 401, A, due to flaking away of the metal 
under load, nothing will be gained by adjusting the bearing by 
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r bringing the cone into closer engagement. This will cause the balls 
t to ride on the sharp edges of the grooves as shown at Fig. 401, B, 
wdiich will result in rapid destruction of the entire bearing, be- 
cause either a broken ball or some of the flaked particles of steel 
^ill get between the bearing parts. When adjustable bearings be- 



Fig. 402. — Wheel Eemoved from litf<^tor Trucli Front Axle to Show 
Arrangement of Bearings on Steering Bplndle. 


come worn it is necessary to replace both worn cup and cone as 
well as entire new series of steel balls. 

When it is necessary to replace a bearing the old one must be 
removed, and while a number of tools has been described that 
work very well on modem cars, some difficulty will be experiencedf 
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on those of early design because no provision was made for eawsy 
removal as is now the case. The easiest method of removing a bear- 
ing cone when it is forced on a wheel spindle and no opportunity is 
present for using a special puller is shown at Fig.' 401, C. A sharg^ 
cold chisel is used, this being driven between the cone and thfe 
shoulder against which it is forced on alternate sides, first above, 
then below, and then on either side until the cone has been worked 
off of the wheel spindle. Similarly a ball or roller bearing cup 
that is a tight fit in a wheel hub may be driven out by careful ap- 
plication of a brass drift as shown at Fig. 401, F. The hammer 
blows should never be directed at any one point of the cup because 
if the pressure is applied at one point only it will cramp the cup in 
the hub and any further hammering after the cup is ‘^cocked’’ will 
only serve to make it more difficult to remove. The method of re- 
moving a cone from a long shaft by a piece of pipe as at B, and by 
a gear puller as at Fig. 401, E, is generally understood by repair- 
men. If the cone resists either of these methods, it can be forced 
off under an arbor press. 

Lubrication and Enclosure. — Ball bearings do not require the 
continual application of lubricants that is called for by plain bush- 
ings, and, to a lesser degree, by roller bearings, but this does not 
mean that lubrication can be neglected or done carelessly. The 
important point to observe is that none but pure mineral oils or 
greases be used, as any that show traces of acid or alkali, or that 
may become rancid from oxidization will cause etching and rough- 
ening of the highly finished surfaces of the balls and races. Lu- 
bricants best adapted range from light machinery oils, used in 
small high speed bearings, such as fitted in magnetos, lighting gen^ 
erators or starting motors, to the viscous grease utilized in thosq 
subjected to heavy loads and revolving at low speeds as wheel bear- 
ings or differential bearings. Wlierever the bearing can be im- 
mersed in a bath of oil and properly protected from water and grit 
a lighter oil can be used, but when the bearings are housed where 
dirt or water may get in, then the use of ample quantities of vis- 
cous lubricant, such as vaseline or other mineral grease that is 
irefe from acid prevents the foreign matter working in between the 
b^ls and races. Ball or roller bearings are generally enclosed 
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a manner that tiSere will be no opportunity for dust, gril^ or 
water to enter, and if this function is properly performed the clo- 
sure will also be tight enough to prevent escape of oil. 

Importance of Proper Maintenance Emphasized. — Despite the 
&treme care taken in manufacture, bearings of the leading makes 
sometimes fail in service, and the motorist or average dealer, ever 
ready to condemn that which he does not fully understand, attrib- 



Fig. 403. — ^Wheel Bemoved from Full Fldtttiiig Axle of Motor Truck to 
Show Method of Ball InstaUation. 

utes the cause of failure to workmanship or the use of 

poor materials on the part of flio^ producer, whereas the trouble is 
often due to conditions which ar^^etxUvely within the user^s control. 
A ball bearing must have a certain ai^^iotmt of running clearance, 
but in the leading types this is mucij|'1[ess than in a plain bearing, 
it being common practice to allow 0 radial freedom never greater 
than .001-inch, In connection witli this, in single row radial bear- 
ings an axial freedom or end play of the inner race relative to the 
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outer is allowed, this varying with the size of the bearing between 
the extremes of .0005-inch to .005-inch for new bearings. Thus a 
properly made and installed ball bearing will not deteriorate in 
the accepted sense of the term as applied to plain h^xes; that i%v 
there will be no reduction of diameter or increase in bore. Jf there 
is an excessive amount of axial or radial motion the cause is ad- 
mittance of some abrasive between the components of the bearing 



Fig. 404. — Chart Showing AUowances for Push Fits for BaU 
Bearings, etc. 


or by overljpading. As is true of any bearing, the amount of wear 
will depend upon the cutting power of the grit, the pressure the 
bearings are subjected to, and the amount of time the foreign mat- 
ter is between the w'orking surfaces. 

There are places where a certain amount of dirt and metallic 
particles are always present. For example, many cases of trouble 
in rear axle and transmission case bearings have been definitely 
traced to the presence of minute particles of metal ground off from 
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the gears, or sand loosened from the interior of the gear case or 
rear axle housing castings. In sliding gears, especially wlien oper- 
ated by an inexperienced person, there is a constant clashing of 
the pinions in changing speed, which tends to loosen particles of 
metal from the teeth. These fall into the lubricant, and are 
churned around and often find their way into the ball races. The 



rapid failure of the bear^g is the inevitable conseciuence. The 
importance of proper mounting has been so firmly impressed upon 
the automobile manufacture]^ that but little trouble is caused from 
improper installation in cars of reputable makes. Hence we ari* 
forced to consider the uler in many cases when analyzing causes 
of bearing failure. 

There is a condition that is beyond the control of the manu 
facturers of either the bearings or the mechanism to which they 
are fitted, and that is the use of impure oils, and carelessness m 
washing the running gear and other parts of automobiles. Many 
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('ases of failure of \vlu‘el la^aniisrs liave been direetly attributed to 
rust caused by tlie indiscriminate apjdication of a stream of water 
at 40 or 50 lbs, jiressure per S(|uare inch which is not uncommon 
m many city water mains, to the parts of the car in which they are 
mounted. The water finds its way into the bearings, causes the 
iiighly finished surfaces of the balls and races to rust, and the ex- 
treme accuracy in manufacturing and tlie care of installing is 
fruitless in preventing breaking down of the bearings. The user 
will not deliberately clean otf the parts of the x>ower plant with a 
hose, the evil efi'ects of water at this essential point having been 
brought to his attention too forcibly by troubles in carburetion and 
Ignition, yet the same person who is so extremely careful of the 
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motor, will spray other parts, fully as important in the duties they 
perform, with a stream of water under high pressure. 

That rust is absolutely destructive to ball bearings has been 
thoroughly proven in so many instances that the contention cannot 
be questioned. Of what value is extreme accuracy of finish of the 
balls to .0001 of an inch if the advantages accruing are to be miti- 
gated by deposits of rust of much greater thickness than the limit 
established in manufacturing. Such a condition can be as easily 
recognized by the novice as by the most expert for oven if the 
be^^^g has been cleaned so that no ferric-oxide is visible to the 
will be a number of pits or depressions on the various 
Vtiarts of the bearings, especially at the highly finished ball surfaces, 
which are clearly evident. While these minute irregularities are 
sometimes caused by overloading and the flaking off of the metal 
which results from this condition, if due to causes other than rust 
and acid, the roughness wouldTie confined to the ball tracks, where- 
as excoriations resulting from chemical action will be in evidence 
on all parts of the bearing. 

It IS a knowm fact that many oils and greases contain^ or 
alkalis, either as a necessary component of their chcmic^ (^crmposi- 
tion (as in some animal fats that contain stearic acid) part of 
some filler used to adulterate the oil or alter its viscoBity, and some- 
times as a residue of some of the processes of purifying that ob- 
tain in refining from the crude product* The presence of acid in 
lubricants wall cause an etching with irregular edges, in contrast 
to the clearly defined rust marks. A good luliricant for bearings 
is a slush made of pure vaseline and lighter mineral oil this being 
heated to make its viscosity less and enable it to penetrate all 
parts of the bearings, no matter how minute the spaces, ^^en 
the bearing has been dipped in this and allowed to remain long 
enough to permit the oil to reach all parts, it is taken out and al- 
lowed to cool and the surplus lubricant is wiped off the outside. 
Such a mixture will stay in place and wull not run out like lighter 
oils, and at the same time its viscosity is not so high that it will 
produce unnecessary friction. 

How Bearings Should Be Cleaned before Examination. — An- 
other point that can be criticized is the common method of clean- 
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Fig, 407.— Illustrating Construction of Internal and External Brakes. 
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ing ball bearings in the average car repair establishment or ma- 
chine shop. They are often dipped in dirty gasoline in which old 
gears and other parts have been previously cleansed, and this ma- 
terial is often so full of metallic particles, that as soon as it is 
stirred up enough to disturb tlie sediment, instead of having a 
clean bearing, one has filled it with deleterious substances without 
knowing it. A simple solution of common washing soda and hot 
water, such as is used in many shops for cleaning greasy parts and 
assembled bearings at the completion of the manufacturing process 
offers important advantages. This can be easily made by taking 
about a handful of the soda to the pail of boiling water. The 
cleaning agent should be kept nearly at boiling point while in use. 
The bearings are placed in a wire basket, or hung on a wire and 
dipped in an alkali solution a few times to remove all dirt; then 
they are immersed in clean kerosene and given a s^\lrllllg motion 
to have this material thoroughly clear out all traces of the soda. 
The bearings should not be allowed to remain in the wash more 
than a few minutes at the most, and a few dippings are all that 
is necessary to clean them out thoroughly and cut all the hard and 
rancid grease or remove any metallic dust present. After examina- 
tion of used parts, if the bearings are clean, the surfaces bright 
and there is not too much looseness, they are in good conditi^. > 

A little attention given to careful inspection and lu- 

brication of bearings will be amply compensated for^g^pife in- 
creased service obtained and augkiented effmieBCy: ifeiportant 

rules upon which efficient ball or roller bearing seryiee is based 
can be summed up in a very few words. 

First, inspect the bearings from time to time and see that they 
are clean, and the lubricant does not contain foreign matter, es- 
pecially in gear boxes and differential casings. 

Second, be careful in supplying new lubricant that it is free 
from acid, alkali, vegetable or animal fillers or other deleterious 
substances. 

Third, when installed in exposed parts of motor cars, be careful 
when washing not to direct the stream of water directly against 
bearing housings of the parts. 

Brake Forms and Adjustments. — The brakes used to retard 
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motor car motion are a part of the car that are not only used, but 
which are often apt to be abused. Brakes ^re 0%|lro general forms, 
the internal type as shown at Pig. 407, A, andrf^e externa} con- 
stricting band type as exemplified by the outer bfake of the«|tssem- 
bly shown at Fig. 407, B. Internal brakes may be bithel^ tnetal 
shoes that are in metallic contact with the br ike drums att^hed 
to wheel hubs wlien apiilied, or members faced with some asbestos 
frictional material which can be replaced when worn. The internal 
brakes may be cam expanded as the forms shown at A are or may 
be w^orked by a wedge expander as the internal brake expanders 
of the assembly shown at B. As a rule no adjustment is provided 
on cam expanded brakes in the brake construction itself. On ex- 
ternal brakes, means of adjustment are usually included. 

When full movement of a hand lever or pedal fails to engage 
an internal brake the first step is to remove the wheel to make sure 
that the slipping is not due to deposits of grease or to w^orn brake 
facings. If the brake facing is clean and not w^orn unduly, the only 
practical means of adjustment is by tightening up on the operating 
linkage. Tldajs easily done by shortening the brake control rod. 
In the cons1||&tion showm at Fig. 408, B, this is easily accom- 
plished by tuWing up on a turnbuckle set into the brake rod. In 
all cases, even if the turnbuckle is not provided, the clevis at the 
end of the rod may be screwed up further on the rod w'hich has 
the same effect as shortening the rod by a turnbuckle wmuld have. 

Care should be taken in adjusting brakes by altering the length 
of the brake rod to have the brakes on both wdieels take hold at 
the same time. In the construction showm at Fig. 408, A, this may 
be done by unloosening the clamp bolts and setting the lever oper- 
ating the right brake at the proper point in the slot of the master 
lever which also operates the left brake. t)n an external brake of 
the form shown at Fig. 408, C, the means of adjustment is readily 
perceived. With an external constricting brake it is merely neces- 
sary to reduce the circumference of the brake band by screwing 
up an adjustment to provide fhr minor depreciation of the brake 
lining. 

On the Overland cars, wdien it is desired to adjust the brakes 
this is easily done by loosening a damp bolt passing through the 
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Fig. 408. — Showing Methods of BraJce Adjustment. 


lever to which the rod is connected and a slotted actuating member 
pinned to the shaft employed in operating the brakes. It is merely 
necessary to rock the member over so that the brake parts will be 
nearly in engagement with the brake lever or pedal fully released 
and then to maintain adjustment by screwing the operating lever 





Brake Construction and Adjustment 813 

tightly against the actuating member with the clamping bolt. Suf- 
ficient range of adjustment is provided to lake care of all brake 
slippage other than that caused by worn brake lining. This method 
of adjustment is clearly shown at Pig. 408, D. 

Expanding brakes are harder to fi^ tiian constricting brakes es- 
pecially if they are of the solid shoe form an^^ net provided with 
frictional material. The first step in examining the internal brake 
is to remove the wheel which is done with a vPeel puller as shown 
at Pig. 409, A, if the rear construction is of the semi- or three- 
quarter floating type. The full floating wheels may be removed as 
shown at Pig. 398. When the brake shoes are of the solid cast 
form an adjustment for depreciation may be made, as shown at 
Pig. 409, D, providing some of the wear is at the point w^here the 
cams act to spread the brake shoes apart. It is possible to put a 
thin piece of hardened steel on the worn end of the shoe by using 
dowel pins or flush lieaded screws. This spreads the brake shoes 
out slightly, the amount of spreading, of course, depending upon 
the thickness of the applied pieces and makes it possible to bring 
the shoes into positive engagement wuth the brake drums wdth but 
small movement of the expanding cams. If the brake shoes them- 
selves are worn and it is not easy to secure new ones, the surfaces 
may be restored to efficiency by the application of thin sheet brass 
or steel, which material is firmly held in place by rivets and wffiich 
has the efiPect of restoring the worn segment or shoe to its original 
contour. When pieces are applied to the brake shoes care should 
he taken m refitting the wffieels that the shoes do not bind against 
the drum wdien the brake leverage is released. Any high spots 
existing #ust be smoothed off with a file in order not to heat up the 
brake drum through useless friction wdien the car is in operation, 

A typical brake assembly is shown at Fig. 409, D. This is used 
on some models of the Cadillac car and consists of an internal ex- 
panding band and an external constricting one. Adjustment of 
the service brakes is made by turning the screw S which is on the 
back of the brake carrier until the part of the band opposite it is 
brought as close as possible to the brake drum without touching it. 
Next adjust the nuts T on the eye bolt until the lower half of the 
band lining just clears the drum. The nut V on the upper end 
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of the eye bolt is so .adjusted as to bring the lever W to the posi- 
tion shown in drawing when the brake is applied. With the brake 
released the clearance between the lining and the drum should not 
be over ^/32-inch, and if more clearance exists it may be reduced by 
the set screw X in the rocker lever Z. 



Fig. 409. — Hints on Adjusting Internal and External Brakes. 


The internal brake i.s constructed to be adjusted for clearanct' 
between the internal band and the drum without removing the 
wheels. Jack up the axle so the wheel will clear the ground to 
permit revolving it by hand. A cover A will be found on the 
brake drum which can be removed by unscrewing the lock nut B 
and turning the bolt to the left about a quarter turn until the 
clamping bar D is released. Next rotate the wheel until the open- 
ing registers with the adjusting screw E carried at the back part 
of the brake band or at the point opposite the expanding toggle 
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Replacing Brahe Lining 


mechanism. Turn the screw E until the part of the brake lining 
opposite it is brought as close to the inner swface of the brake 
jdrum as possible without touching it. Turn the wheel until access 
IS obtained to the six locking screws N and loosen these. This is 
done by bringing the opening in the brake drum opposite each screw 
in turn and turning these with a suitable so^*ket wrench. Then 
turn the two adjusting 
screws F F which have 


right hand threads on 
one end and left on 
the other until the cen- 
ter of the pin G stands 
about three-quarters of 
an inch back of an im- 
aginary vertical line 
drawn through the cen- 
ters of the two pins 
n II when the brake 
IS applied. AVith the 
brake released adjust 
the screw I in the lever 
J and the stop screws 
K K until the lower 
and upper parts of the 
brake band lining clear 
the drum by about 
%2-iJ^ch. The three 
coil springs M should 
liave sufficient tension 
to hold the brake band 
sideways and against 
the stop screws K K so 
it will not rattle. It 
is important that the 
screws M be locked 



Fig. 410. — Simple Fixture to Facilitate Rivet- 
ing Brake Lining to Steel Brake Bands, 


after completing the work, also that the cover in the opening of the 
brake drum be replaced and fastened securely. 



816 Automobile Repairinff Made Easy 

If the brake lining is worn it should be removed by chipping 
off the rivets and driving them out of the hole in the brake band. 
A piece of new lining is cut to the proper length and holes are 
drilled through it to coincide with those in the brake bands. The 
best method is to drill only two holes at a time and fit the lining 
carefully to one end of the brake band, then drilling in the next 
two rivet holes and after the lining is securely fastened in place to 
go on to the next rivets. It is important to use copper rivets hav- 
ing reasonably large heads that will not pull through the material 
and to. countersink the material enough so the rivet heads will be 
firmly embedded below the surface so as not to come in contact 
with the brake drums. Some cases of slipping brakes have been 
traced to projecting rivet heads which did not permit the friction 
lining to come into contact with the brake drums. 

A simple fitting which can be placed in an ordinary bench vise 
for riveting against is clearly shown at Fig. 409, B. This is an 
ordinary steel drift having a flat point of the same size as the rivet 
head. The fitting shovm at Fig. 410, A, may be placed in a common 
vise or may be formed to fit the pritchell hole in an anvil. This 
piece may be made of mild steel though the punch H which is the 
same size as the rivet head can be made of tool steel. The body of 
the tool is flattened out on the under side where it rests on the an- 
vil or bench vise top and is left oval on the top. A hole is 

drilled in the top and tool steel punches of the form shown at II 
may be driven in place, some arrangement being made by which 
the punch may be driven out and replaced by a new one if it be- 
comes broken or by one of smaller siM' if different rivets are used 
A hammer and an ordinary rivet are used to set the rivets as 
shown in the lower portion of the illustration. Copper rivets aic 
easily headed up and neat heads may be formed without troubh^ 
Never use iron or steel rivets for holding brake linings in place 
projecting heads may wear grooves in the brake drums. The onl\ 
remedy for grooved brake drums or members that have worn thin 
is replacement with new" ones. 
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WHEELS, RIMS AND TIRES 

Wood Whool Construction — Houk Wiio Wlicel — Dunlop Wheel — Rudge-Whit- 
worth Wire Whocl — Solid Ine Forms — Pneumatic Tire (kmstruction — 
The Cord Tire — Rims for Pneumatic lires — Tools for Tire Repairs — 
How Tires aie Handled — Small Vulcani/eis — Sliojj Vulcanizing Equip- 
ment — Supplies and Materials foi Tne Repair Work — How Tires Are 
Often Abused — Why a Tire Depieciates Rapidlj — Water Rots Fabric — 
Tne ITibc Rejiairs — Replacing Valve Stems — Simple Casing Repairs — 
Casing R(‘pairH Made from Inside — Retreading and Rebuilding Tires — 
The Dry Cure Method — Air Pressures and Carrying Capacity — Increase 
in Pressure by Heat — Carrying Capacity of Solid Tires — Metric Sizes 
and American Equi\aleiits 

The repairing of automobile tires is work that is usually left 
to the specialist whereas it can be very profitably done by the aver- 
age garage man if tlie necessary equipment is installed. The tools, 
supplies and apparatus needed are not expensive and the skill re- 
quired IS much less than that needed to do the mechanical work 
incidental to the repair of the engine and other veliicle parts. Be- 
fore considering the subject of tire repairing it may be well to re- 
view briefly the various forms of wheels and tire retaining rims on 
which the tires are mounted. The tire repair processes will be con- 
sidered from the point of view of those who desire to make only 
temporary repairs or take care of roadside accidents as well as in- 
cluding the more complete instructions necessary for making per- 
manent repairs by vulcanizing processes. The equipment illus- 
trated for doing the work is typical and has proven satisfactory in 
practical use. 

Wooden Wheel Construction. — The most popular form of 
wheel to have received general application on all classes of auto- 
mobiles is the wooden spoke member of the same type as used on 
gun carriages and for that reason termed the artillery wheel. Vari- 
ous steps in making the parts of the wheel and also the processes of 
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wheel assembly are shown at Fig. 411. The spokes are turned 
a billet as shown at A at the top of the illustration, the successn^ 
operation being shown at B in which the spoke has been tiirn(‘< 
approximately to size on a special turning lathe. The operation ] ^ 
called club turning because of the shape of the stock after it leaver 
the machine. The way the elliptical section is obtained is by havim 
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movable centers and a cam motion to move the lathe heads in and 
out with respect to the cutters so as to get the section desired. The 
next operation is mitering down the big end shovm at C and then 
passing it over a planer to have the wedged shape end of uniform 
thickness, as outlin(*d at D. The next step is to turn the tenon at 
the upper end which fits into the wheel felloe. 

The felloes are made by bending special pieces of stock (which 
has been steamed) by a form of clamp and introdu(nng a spacer 
between the two ends in order to secure tlie desired curvature. The 
bent blanks are kept in the form shown at B for a period of time 
and placed in drying kilns After removal from the kiln they are 
held by a strip S for a time after which the strip is knocked off 
and the felloi\s sawed to tlie proper form. The pieces D are planed 
on both sides and also finished on the curved surfaces in order to 
smooth them, followed by an opcTation to drill for the spokes wdth 
a special machine. The next stej) is to smooth the felloe member 
carefully on the inside, then to sand paper off the sharp corners 
between the spoke holes. The felloe stiips are then taken to a 
special machine which cuts the ends with jirojicr relation to the 
spoke holes so the wdieel may be assembled. The last operation is 
spot facing which is a form of counter boring on the inside of the 
felloe wdiere the end of the spoke comes in contact with it. 

The first stage in assembling the wdieel is showm at A in the 
low'er portion of the illustration. Here the spokes are driven into 
the felloe and wlien the tw'o halves of the wdieel are available they 
are placed in a special machine wdiich clamps the spokes and the 
felloe band tightly together. While the wheel is in this machine 
a dummy hub is put in place and tightly clamped as showm at C. 
The function of this is to keep the w^heel together during the as- 
sembly process. When the wheels have been clamped they are 
taken to an operator who cuts the joints in order to provide for 
the shrinking of the steel rim. The clamped w^heel is taken over 
to a special table where the rims are placed on them. The rims of 
steel are heated by a series of gas flames w^liich play upon all por- 
tions of a steel nm or band until this has been expanded enough so 
the wheel can be readily inserted. The rim is dropped over one of 
the unrimmed w^heels as shown at C and placed under a heavy press 
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which forces the steel rim to its proper position on the wooden 
felloe. After the rim has been shrunk on, the false hub may be 
removed as the rim keeps the wheels together. The center is then 
boVed out and a finishing cut taken on both sides of the spokes at 
the hub. The wheel is then carried to a drill press of the multiple 
spindle type which makes all of the holes for the brake drum or 
hub flanges. The final assembly process is to put the hub flanges 
in place and bolt them up. 

A wooden wheel is not subject to damage or depreciation from 
use unless the car has skidded into a curb or hit some obstacle that 
will tend to knock the wheel out of true or break some of the spokes. 
As a rule, broken spokes can only be inserted by a wheelwright or 
one familiar with the manufacture of wheels. In eases where only 
one or two spokes are broken it is possible to insei’t new ones by un- 
bolting the hub flanges and drilling out the broken end of the 
tenon pin that remains in the felloe. The new spokes, which may 
be made by hand in an emergency, are easily inserted in place of 
the damaged ones and the wheel assembly again clamped together 
between the hub flanges. In some cases, after a car has been used 
for a time, especially in dry sections of the country, considerable 
slack or looseness may exist lietween the hub flanges and spokes and 
also between the spokes themselves. No troulile will be e^peri.enced 
from this source if a ear is waslnnl frequently becauji^ th^ water 
will prevent the spokes from shrinking away from ’the hub flanges. 
Even if the looseness is noticeable, which iS a fertile source of 
squeaking noises coming from the wheels while they are in service, 
in many cases the spokes may be swollen enough by soaking the 
wheel well with water to correct the trouble. 

A simple method of overcoming this difficulty when the soaking 
treatment does not correct the fault is shown at Fig. 412. If the 
work is carefully done a badly racked wheel may be made capable 
of giving considerably more service. The hub is shown in the sketch 
with the flange removed to expose the mortised ends of the spokes 
to view. This may be easily accomplished by removing the nuts 
from the bolts and prying the hub flange away from the wheel. 
The lost motion between the spokes can be taken up by driving thin 
wedges of sheet steel into the open spaces though in some cases 
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when the spokes are very loose hard wood wedges may be driven 
in. In making the wedges they should be shaped straight with a 
short taper at the end to facilitate driving them in place. It is 
said that if made with a taper their full length that they will have 
a tendency to work out. Before driving the wedges in place they 
should be covered with a coating of glue and arter all the wedges 
necessary have been inserted tlie protruding edges can be cut off 
with a chisel and the ends smoothed dovm flush with the spokes. 
Before replacing the 
hub flange the center 
of the wheel should be 
covered with a coat 
of priming paint. Ob- 
viously, the wedges 
should be as wide as 
the thickness of the 
spokes and only suffi- 
ciently thick to take up 
the space existing be- 
tween the spokes. If a 
wheel is not very loose, 
wedges 1, 2, 3, 4, 5, and 
6 are driven into place, 
though in very loose 
wlieels another set of 
wedges numbered 7, 8, 

9, 10, 11 and 12 should 
be used to fill the re- 
maining space. It will 



Fig. 412. — Method of Using Wedges to Take Up 
liooseness Between Spokes of Wooden Wheels. 


be apparent that the bolt holes must be cleared out with a drill after 
the wedges have been driven in. The final operation is to replace 
the hub flange and bolt it tightly in position. It will be found ad- 
visable to burr over the projecting ends of the bolt after the nuts 
are screwed down tightly in order to prevent the nuts from back- 
ing off. The wheels of some cars are held together by rivets in- 
stead of bolts. As the heads of the rivets must be sheared off with a 
cold chisel to permit removal of the flange, new rivets must be in- 
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jserted by a process of hot riveting when the wheel is again as- 
sembled, taking care to use a rivet set in order to make a properly 
shaped head. 

Houk Wire Wheel, — Many recent models of automobiles will be 
found equipped with wire wheels of some form or other. Improve- 
ments have been made in the method of lacing wire wheels so that 
the forms used for automobiles are very strong. This is due to a 
method known as triple spoke lacing as this provides a combination 
that permits the wheel to support radial, torsional, side thrust, and 
shock stresses in a much superior manner to the old double spoke 
lacing formerly used on light automobiles and wndely applied on 
bicycles and motorcycles. Practically the only trouble that can oc- 
cur in a wire wdieel is breakage of the spokes and as most wire 
wheels are of readily detachable form it is only necessary to re- 
move the defective members and replace them wutli new spokes, 
care being taken not to tigliten the spoke nipple unduly and thus 
pull the rim out of true. The rims of the wdre wheels used on auto- 
mobiles are for the most part very strong and are not so likely to 
be pulled out of true as the lighter rims of bicycles or motor- 
cycles are. 

If a large number of spokes are l)roken as might result from a 
collision or other accident it will be advisable after replacing the 
spokes to true up the rim. This is done by revolving tbe willed 
and holding a piece of chalk or crayon nearly against the w^heel rim 
to indicate the high points where the wheels run otaL These poinis 
may be eliminated by screwing in on some of thfe ^spokes and loosen- 
ing on others until the wdieel runs true* 'T'Ms requires some de- 
gree of skill but can be easily accomplish^ after a little practice. 
The spokes are usually of high teni^j^jstrength steel wire having a 
button head at the lower end wdi^re they fasten to the hub and a 
threaded upper end which screws into the nijiple which draws the 
spoke taut and wdiich fits in a countersunk hole in the steel wheel 
rim. 

A typical triple spoke wheel of Houk manufacture is shown at 
Fig. 413, A, while the method by w^hich it is fastened to the master 
hub is clearly shown at Fig. 413, B. Most wire wheels are made 
so as to be easily detachable from a master hub which is not re- 
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moved from the wheel spindle or axle and which is supported by 
.the bearings or axle shafts. The wire wh^^el'is built up with an 
auxiliary pressed steel hub as a basis which is provided with a 
series of holes to fit over driving pins attached to the flange of the 
master hub and which is formed on the inside with two tapered 
seats, the angle of the tapers being opposed io each other. One of 
the male tapers forms part of tlie master hub which is shown at 
B in place on the front wheel spindle while the other male taper is 
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on the locking nut. When the lock nut is screwed onto the 
threaded end of the master hub, wliich is sometimes termed the 
inner or fixed hub, it forces the female taper on the inside of the 
pressed steel wheel hub against the male taper on the master hub. 
The torsional force is applied to the wheel through substantial driv- 
ing pins which engage with registering holes in the hub flanges. 

These drive pins as well as the hub are treated with a special 
rust-proofing ]>rocess and the pms are nickel plated, rendering cor- 
rosion or sticking of the parts difficult. If the wheels have been 
kept on for a time and have not been disturbed it is likely that 
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trouble may be experienced due to rusting of the pins as even 
the nickel plating will not protect these at all times. The rust may 
be easily cleaned olf when the w^heel is removed and a repetition 
of the trouble avoided by greasing the pins liberally before the 
wheel is again replaced on the master hub. The construction of the 
automatic locking nut which is a feature of the Honk wheel is 
clearly shown at Pig. 414. The hub at A is a rear hub attached to 
a semi-floating drive axle while that at B shows the conventional 
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Fig. 414 — Showing the Automatic Locking Nut Employed on the 
Houk Wire Wheel. 

arrangement for a front wheel or the hub of a full floating rear 
axle. These nuts are threaded for a loose running fit on the thread 
and have their conical end slotted into segments which allows a 
slight compression when forced into the conical seat of tlie hub 
shell. By virtue of the fact that the nuts are threaded loosely on 
the master hubs there is a difference in the circumferential length 
of the thread. If the nut is not drawn up tightly through neglect, 
the wheel supporting the weight of the car would bear upon the 
nut and as the wheel and hub turn when the car moves forward 
the nut must turn by a sort of epicyclic action which will cause the 
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threads to wedge together under the pressui e of the load and after 
the maBner of a cone clutch prevent slippage between the threads. 
This forces the nut to lag behind the angular travel of the hub 
parts and consequently to screw itself tighter on th^" threads when 
they are properly positioned on the car. On the right hand side of 
the car the hubs must be provided with left Land threads while on 
the left hand side the hubs have right hand threads. When" the 
nuts are once in place there can be no creeping action, as they 
clamp tightly down on the main thread owing to the slight com- 
pression of the segments in the conical end o|.|he hub. 

Dunlop Wheel. — The Dunlop wdieels whihh are shown at ^g. 
415, have attained great popularity in Europe and are now being 
used to some extent m this country. This wheel is very quw^ in 
operation and is locked in place positively as soon as installed. 
The inner hubs are made of bar stock for the front wheels and drop 
forgings for the rear, no castings being employed. As is true of 
all wire wheels, the hub is composed of two pieces, one, wdiich is a 
master hub intended to remain in permanent assembly with the 
supporting bearings while the outer or removable hub to w^hich the 
spokes are fastened is readily detachable. The outer hub is pre- 
vented from turning on the inner one by serrations or teeth which 
are located near the conical surfaces at the inner end of the hub. 
These teeth are external on the inner hub and internal on the outer 
and are formed to fit between each other. The engaging portions 
of the teeth are rounded off to enable them to slip easily in mesh. 
A second conical surface at the outer end of the outside hub rests 
on the hub cap, w^hich is locked in place in the outer portion so 
that it cannot drop out when that part is removed from the inner 
hub, but at the same time it is free to turn in order to screw on the 
inner portion. As the locking of the hub cap from unscrewing 
determines the safety of the wheel from coming off this is an ad- 
vantageous point. 

A cup shaped membj^ is placed inside of the outer end of the in- 
side hub, this is kept frfei turning in the hub by serrations similar 
to those between the two portions of the hub, but is free to slide in 
and out within certain limits and is normally pressed outward by 
a coil spring. At the outer end are nftore serrations, formed to fit 
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Pig. 415. — Sectional View Showing Construction of the Dunlop Quick Detachable Wire Wheel 
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in corresponding parts in the hub cap. This lock is held out of 
engagement while the wheel is being attached or detached by an 
attachment to the wrench. Immediately upon the ’’emoval of the 
wrench it is pressed in contact with the hub cap and if not al- 
ready in position to engage it will come in to tiip locking position 
if the hub cap turns one-sixth of a turn. A special wrench or 
spanner is needed for handling the Dunlop wheels. This is of 
ordinary box wrench form except that it has pawls or latches which 
engage in a groove at the outer end of the hub caps to hold the 
wrench in place and a bridge across the middle which carries a 
quick acting screw to depress the locking device on the inner hub. 
In removing the wheel the wrench is snapped in place on the hub 
cap and the central screw turned down to release the locking piece^ 
which permits the hub cap to be turned off easily. In attaching^ 
this screw should be turned dowm also in order to prevent the lock 
from taking hold before the cap is fully screwed home. After the 
locking cap is forced in place the lock should be released before re- 
moving the wrench and the nut turned till the lock engages so as 
to prevent even the slight looseness that would result if the lock 
slipped back into the next notch. The lacing of the spokes is in 
three planes like the spokes of the Rudge-Whitworth wheels which 
are made under the same patent. The sectional view through 
the end of a rear axle fitted wuth Dunlop wire wheels is shown at 
Fig. 415, A. As will be evident, the master or inner hub is carried 
by a combination double and single row bearing mounting, the 
double row form being clamped to take the end thrust on the 
wheel. The axle is a floating type, the bearings being mounted on 
the tubular housing of the live or driving axle. A similar con- 
struction is used for the front wheel which is shown at Fig. 415, C. 
The method of lacing is outlined at B. 

Eudge-Whitworth Wire Wheel.— The construction of the 
Rudge-Whitworth wire wheel, which is a very popular form, is 
shown at Fig. 416, A, while an enlarged sectional view of the wheel 
hub construction is shown at B. These are triple spoke wheels con- 
sisting of a removable outer hub and a master hub mounted on ball 
bearings. In the illustration the permanent hub A revolves upon 
the plainly indicated ball bearings while B is the wheel hub. The 
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driviag teeth or serrations are indicated at C. These are usually 
about ten in number to each circumferential inch. The wheel nut 
D is circular in form and has notches cut from its circumference 
to engage with projections from a special spanner when it becomes 
necessary to revolve it. 

This nut has a locking ring L on its inner end and an angled 
groove N between the nut and locking ring. When the nut is re> 



Fig. 416. — Sectional View, Showing Construction of Rudgo-Whitworth 

Wire Wheel, 


volved to the right it drives the wheel up into the permanent hub 
while revolution to the left withdraws it. A large screw plug E is 
provided for lubricating the bearings of the wheel. The locking 
device of the Rudge- Whitworth is said to be meddle proof/ ^ It 
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will be seen that there is a steel cap M fixed on the outer end of 
the wheel hub and that this has a female ratchet G cut in the ends. 
This ratchet has to engage a pawl mounted on a small bolt well 
secured to the wheel nut. The pawl is kept in engagement by a 
spring. These parts form the automatic part of the lock. A 
spanner is employed to move the wheel which has an opening to 
suit the wheel nut but it cannot be placed thereon until a small 
lever which forms part of a ^ock is swung around so the pawl 
it carries engages in a depression, in whicli case the spanner can 
be easily put in position. The nut may be revolved freely until 
the wheel is detached. In tightening the wheel into position the 
spanner must be turned until the whe:l is completely in place and 
then if tlie word ^ ^ safe ^ ’ is not exposed in the opening, a few strokes 
with a mallet on the end of the wrench will insure absolutely cor- 
rect seating. The direction of spanner rotation should not be re- 
versed when the wheel is being attached as this disengages the 
locking pawls. 

Solid Tire Forms. — Practically all commercial vehicles of over 
1500 lbs. capacity are equipped with solid rubber tires. A number 
of electric vehicles, even some forms designed for pleasure pur- 
poses are fitted with cushion tires A number of representative 
forms are shown at Fig. 417. Solid tires may be of the permanent- 
ly aasembled or quick detachable types depending upon the pref- 
erence of the truck user. The driving wheels of motor trucks are 
sometimes fitted w ith dual tires in order to secure greater carrying 
capacity without using excessively wide and expensive tread mem- 
bers. The basis of most solid tires is a ring of steel wdiich has pro- 
jecting portions to which a base of hard rubber is vulcanized. This 
base of hard rubber makes for secure attachment of the tire which 
is composed of an especially tough rubber compound. In the per- 
manently assembled forms of tires, the metal base member is ma- 
chined so that it can only be installed on' the wheel rim by pres- 
sure from a hydraulic press. This means that tires can only be 
installed at stations where the press facilities are available. The 
form of tire shown at B has many advocates because it can be 
easily installed without expensive tools. In this form the metal 
base member integral with the tire has leveled edges which rest on 
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correspondingly beveled flange members drawn tightly in place by 
bolts which pass through the wheel felloe and which hold the re- 
taining flanges firmly in place. This method of construction is a 
popular one when twin tires are employed as shown at B and F. 

The cushion tires are usually designed to provide more resili- 
ency than is available with the solid tires. The usual method of 



Fig. 417. — ^Defining Oonstruction of Solfd and Cushion Tires and Methods 
of Betention to the Wheel Bim. 


obtaining this elasticity is to form the tread in some shape that 
will deflect or distort appreciably under load The cushion tire 
shown at C has the tread portion supported by ribs which may 
give to some extent when the tire passes over a stone or other small 
obstruction that the solid tire will ride over. In the cushion tir(^ 
shown at D, resiliency is obtained by making a large number ol 
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holes in the tire. Repairs to solid tires can best be made at the 
factory where they are produced and these are seldom necessary 
unless the tire has been cut by accident. As a rule when a solid 
tire wears down the only practical remedy is to replace it, as it is 
not susceptible to retarding as the pneumatic tires are. 

Modern Tires Are Well Made. — There is an impression obtain- 
ing with motorists, and even with many engaged in the industry, 
that tire expense is an element in automobile maintenance depend- 
ing more upon good fortune than any care of the tire manufacturers 
in producing good tires, or in the motorists using reasonable judg- 
ment and care m driving, and taking precautions that the shoes 
will receive the same attention given '>ther components in the vehi- 
cle. The average person, whether tradesman or layman, seldom 
considers the enormous stresses to which tires are subjected on even 
the lightest of runabouts and motorcycles, and as a general rule 
after shoes are fitted to the rims, they are forgotten until abuse 
or careless driving causes sudden end to their usefulne.ss. Natural 
wear may make replacement necessary and while the American 
manufacturers of tires are producing types that are enduring and 
practical, with even the best of care the tire must eventually wear 
out. Some standard tires may be better than others, but all are good 
and wdll give satisfactory service if properly used. The fact that 
the efiicient motor car of to-day would not be possible or practical 
without the resilient support and increased tractive effort given by 
the pneumatic tire is not often considered, and tires are regarded 
as a necessary evil, though they are really one of the most essen- 
tial and hardest worked comi^onents of the motor vehicle. 

It is not intended to go into the details of tire manufacture, 
or to compare one form with another, as the actual methods of 
construction are of little concern to automobilists and those in the 
trade ; and instead of a review of the technics of tire manufacture, 
the writer desires to give some practical information relative to 
the processes of repairing tires found to be satisfactory in appli- 
cation, based on experience gained in both factory and shop. Such 
^detail is seldom published and many motorists and repairmen as- 
sume that automobile tire repairing is a mysterious occupation that 
is beyond their comprehension. Not only among automobilists, but 
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throughout the greater portion of the trade as well there is no very 
clear conception of the processes or the careful manipulation 
necessary to repair tires successfully. 

Construction of Tires. — While much advice has been given rela- 
tive to the care of tires it will be well to speak of some causes of 
deterioration, and for the better knowledge of the uninformed 
reader the conventional methods of tire making and the qualities 
of the materials used are outlined. The principal materials in 
vehicle tires are rubber compounds and textile fabrics, and every 
factory has its own peculiar processes of combining these to form 
the finished tire. Practically all tire manufacturers procure the 
fabric from firms making a specialty of textile products, but gen- 
erally any concern manufacturing rubber goods prefers to use those 
special compounds which experience has shown are best adapted 
for the appliances they manufacture. The basis of all tires is 
undeniably fabric and crude rubber, both of wliich are of vege- 
table, derivation, the best fabric being of Sea Island cotton, while 
the caoutchouc, or India rubber, is the product of a great variety 
of trees, vines and shrubs, most of which grow in the torrid zdne. 

The substance which gives the modern tire its strength is the 
fabric forming a basis for attachment of the rubber, and while 
many materials have been tried, among them silk, wool and linen, 
cotton alone combines most of the required qualities. Before in- 
corporation in tires this fabric is thoroughly dried and impreg- 
nated with rubber. Nearly all tires are formed or built on cores 
and are composed of layers of fabric and rubber. 

At Fig. 422, A, a sectional view of a *^bolted-on tire^' is shown 
which will serve to illustrate the mannerMn which a tire is built 
of layers of materials. The outer layer is specially tough rubber 
known as the tread, of such composition it is strong and specially 
adapted to resist abrasion, firmly attached to two layers of fabric, 
known as breaker strips, which rest on another layer of softer and 
more resilient rubber than that of which the tread is composed, 
termed the cushion or padding. The main body of the tire consists 
of layers of the frictioned or rubber impregnated fabric, the num- 
ber of plies varying with the size of the shoe. In the base of the 
tire are incorporated hard rubber and fabric fillers to make the 
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structure of maximum strength. These successive layers are then 
put into intimate relation by vulcanization. 

Cause of Deterioration. — It is evident the pneumatic tire is a 
combination of materials that in themselves are not specially en- 
during, and it is not reasonable for one to expect lengthy service 
from a tire. In considering the causes of deterioration we will 
assume the tire is a standard product of a reoutable maker whose 
processes of manufacture eliminate defects which might result from 
poor material or w^orkmanship. If the shoe is poorly made it will 
heat and the layers of fabric and rubber will separate, or the side 
walls will crack ; if the wall is too thin or of insufficient strength it 
will blow out, tear or cut, and at the other hand if there be too 
much fabric used and the w^alls are too thick, the flexibility is re- 
duced, the difficulty of bending under load is increased, the side 
walls are forced to assume sharp angles and the fabrics will be 
ruptured. If the tire be not properly vulcanized, the layers will 
loosen from each other- and if the rubber compound is not right 
deterioration will be rapid. If the tire is cured too long its life 
will be short, because the process has changed the chemical com- 
position and physical characteristics of the materials employed. It 
will be evident that if one regards only the product of experienced 
makers that faults due to poor construction and material cannot 
be logically considered. 

Perhaps the most common cause of tire deterioration is abuse 
by the user, and on the other hand there are unavoidable causes, 
such as punctures or hard service. Overloading and insuffieient 
inflation are the two most common causes of poor tire service, and 
% is seldom that the motorist observes the most simple requirements 
that will insure satisfactory tire life. Each size of tire is designed 
by its makers to carry a certain weight which should never be ex- 
ceeded, and if the w^eight schedule is followed in designing or equip- 
ping a car, good results may always be expected from tires, pro- 
vided they are not otherwise abused. If the shoes are overloaded 
reasonable service cannot be expected, as no tire, no matter how 
well made, can continually resist the internal pressure necessary 
to keep it inflated enough to support the load when of insufficient 
capacity. 
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The most important advice given the purchaser of tires is to 
keep them properly inflated, and its value cannot be overestimated. 
More tires become useless from use with too little air pressure than 
all other causes combined, and while most drivers assume they have 
sufficient air in the tires they use it is a fact they habitually use 
tires that are not properly filled. The tire should contain air 
enough so that it shows but little change in form when the car is 
standing on a hard surface under full load, and even under these 
conditions it will be found that the tire is compressed considerably 
when^ the car is in action. 

The Cord Tire. — A method of tire construction that is becom- 
mg popular because of its easy riding qualities is a difficult form 
to repair and is shown at Fig. 420. Instead of layers of fabric the 
main portion of the carcass, or casing, is composed of cores which 
are passed around small wires at the base of tlie tire and which are 
wound very tightly in order to secure intimate contact between the 
various layers of cord. Sheet rubber is placed between tlie cord 
layers and fabric breaker strips are placed between the tread and 
the cord l)ody in the usual manner. When the tire is vulcanized 
the spaces between the layers of cord become filled with the rub- 
ber, and the wffiole mass is firmly bound together. The wires pro- 
ject into the bead portion of the tire and are vulcanized firmly in 
place. Owing to the construction a cord tire cannot be as easily 
repaired as the fabric type because it requires a very expert knowl- 
edge of cord tire construction to replace injured portions due to a 
blowout. As. we shall see, the fabric tire be restored to effi- 
ciency by cutting out layers of the defective fabric and vulcanizing 
new layers in their place. This is not a difficult operation, whereai 
replacing the defective cords culls for a degree of skill not usually 
possessed by the tire repairmap. 

Eims for Pneumatic Tires. — An expert has stated that there 
are at least forty different types of tire retaining rims that have 
received general application and that these require at least four- 
teen different sections of wood wheel felloes. Besides the various 
well known and popular rims a number have been designed that 
are more or less complicated and which are said to possess various* 
desirable features by their manufacturers. There are six repre- 
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Fig. 418 — standard Clincher Tire and Rim Dimensions. 

tentative groups into which the various rims manufactured to-day 
may be classified. These are : 1. One piece clincher. 2. Quick de- 
tachable clincher. 3. Quick detachable straight side. 4. Quick de- 
tachable universal 5. Demountable. 6. Demountable detachable. 
The distinction between tlie tw^o last classes is that there are a large 
number of demountable rims w^hich have to be taken off of the 
w^heel before tlie tire can be removed. There are others that not 
only have the demountable feature but from which the tire can be 
removed while the rim remains on the wheel. 
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The one piece clincher rim with its principal dimensions for 
various tire sizes is shown at Pig. 418. This rim is made in one- 
piece and not cut in any direction. It is adapted only for use with 
tires having soft extensible beads which can be pried or lifted over 
the edges of the rim. There is only one type of clincher rim on 
the market but at the present time its use is confined to small and 
medium weight cars as too much effort is needed to install large 
size tires on rims of this form. There are many types of quick de- 
tachable clincher rims which have been designed to make possible 
quick application of clincher tires which are well thought of on 
account of the holding power of the tire beads. These rims are 
invariably composed of tw^o or three parts, consisting first of a 
rim base with an integral inside clinch, or separate inside endless 
clincher ring and a separate outside clincher ring which is made 
so that it may open with some fastening device for holding the 
ends in place or it may be made endless with an open lock ring to 
hold it in position. 

Examples of the most popular form of quick detachable clincher 
rim are shown at Fig. 419. The form shown at 1-B is a type which 
has a base, two endless clincher side rings and an open end lock 
ring which may be snapped out of its seat, and permit the re- 
moval of the outside clincher ring and then the tire if it contains 
no air pressure. The rim shown at 2-B has the inside clinch in- 
tegral with the rim base, the outside clincher ring and the lock 
ring being similar in action to those of 1-B though different in 
design. The rims shown at 3-B and 4-B are similar to rim 2-B 
except that the outside clincher ring is open ended having a me- 
chanical lock for the ends of the ring. 5-B has an open end 

outside clincher ring with an angle of t&e retaining groove in the 
rim base of such form that the inflation of the tire causes it to seat 
home more firmly so that no jtOjdking device is necessary. 

Forms of quick detachable straight side rims are shown in this 
same illustration, these being very similar in construction to those 
previously described except that the retaining rings are made to fit 
straight side tires instead of clincher tires. The straight side tire, 
which was originated by Dunlop, has a bead devoid of any clinch- 
ing arrangement though the bead is not extensible as it has a num- 
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ber of piano wire rings firmly vulcanized in the base portion to 
prevent such extension. The retaining means in the rim shown at 
1-A to 4- A inclusive are practically the same as those outlined from, 
1-B to 5-B inclusive. A number of combination rims has been 



Pig. 419. — Sectional Views, Showing Construction of Quick Hetachahle 
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devised which can be adapted to take either straight side or quick 
detachable clincher by merely reversing the retaining rings which 
have a section adapted for retaining either the clincher bead or the 
straight side form. These are shown at Pigs. 1-C to 3-C, inclusive. 

Examples of quick detachable demountable rims are shown at 
Eig, 421, A. As will be observed these are rims of the simpler 
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form having tapering flanges on the base by which they are held 
to the wheel felloe by suitable wedge rings or clamp nuts. De- 
mountable rims are shown at B. These are adapted to receive the 
standard clincher rings as shown in the upper portion of the il- 
lustration or the one piece straight side Dunlop rim as shown in 
the lower part of the illustration. As wnll be apparent the rims 
are held in place by a series of wedges which are forced in the 
space between the tire carrying rim and that attached to the wheel 



Fig. 420. — Sectional View, Showing Arrangement of Oords thiit Replace 
the Fabric Carcass in the Palmer System Cord Tire OohstniSbtion. 


felloe. A form of tire retaining rim that was formerly very pop- 
ular is shown at Fig. 422, A. This is known as the Fisk Bolted-On 
type and could only be used in connection with a tire having a 
base of the form shown in the illustration The tire was securely 
held to the steel rim by means of retaining rings wliieh were 
clamped firmly in place* by bolts carrying specially formed washers 
designed to clamp over the edge of the retaining ring as well as 
that of the rim. When it was desired to remove the rings tin* 
special tools shown at Fig 422, B, were needed. The special clamp- 
ing member was used to squeeze the rings closely together and per- 
mit screwing up the retention nuts with the special socket wrench 
provided for the purpose. When the retaining bolts had been un 
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screwed all the way around the tire the rings could be withdrawn 
and the tire easily pulled off of the flat rim. When the tires were 
installed the clamping member came in hanJy to squeeze the rings 
and the portions of the tire base closely enough together so the 
nuts could be caught on the end of the bolts. 

The Goodrich quick detachable rim and tlu special tool needed 
for its manipulation are shown at C. The feature is in the shape of 
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the locking slot in the rim attached to the wheel felloe. The open 
end locking rim carries tongues which fit into the slot and which 
may be sprung into place to securely lock tlie rim. The tool shown 
is provided to facilitate bringing the end of tlie locking rings to- 
gether in order to spring the tongues into the locking grooves The 
pins in the ends of the levers fit suitable pin holes in the locking 
member. When it is desired to remove the ring one of the tongues 
is pried out of its locking groove and then pulled away from the 
rim at all points. After the ring has been partially detached it is 
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Pig. 422. — Views Showing Constrnction of Various Types of Quick Detachable Rims and Tools for Their 

ManiDulation 
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not difficult to remove the remaining tongue from the wheel felloe 
rim. When replacing this locking ring, the first step is to catch 
the tongue on one end of the ring under the wheel felloe rim by 
inserting it in the notch nearest the edges of the rim. The ring is 
then forced in place all around and finally lorked by bringing the 
remaining tongue in the groove nearest the ceiPer cf the wheel and 
then springing that in place over the projecting portion near the 
edge of the rim. The method of installing a straight side tire when 
a rim of the form shown at Fig 419, 1-A, is used is clearly shown at 
Fig. 422, D and E. The section at D shows the method of install- 
ing the spreader member at the base of the valve properly while 
the general application of the locking ring may be clearly ascer- 
tained at E. 

Tools for Tire Repairs. — It is necessary in all cars using pneu- 
matic tires to carry a certain amount of equipment for handling 
and repairing these on the road. A typical outfit is shown at Fig. 
423, this supplementing two spare outer casings, and two or more 
extra inner tulx^s for replacement purposes. Included in the re- 
pair outfit are a blowout sleeve, a number of patches, and an acid- 
cure vulcanizing outfit for applying them. Tire irons are provided 
to remove the casing from the rim , the jack is used to raise the 
wheel of the vehicle on which the defective tire is installed from the 
ground and make it possible to remove the tire completely from 
the wheel. The air pump is needed to inflate the repaired tube or 
the new member inserted to take its place. Talcum powder ls pro- 
vided to sprinkle between the casing and the tube to prevent chaf- 
ing or heating, while the spare valves and valve tool will be found 
useful in event of damage to that important component of the in- 
ner tube. As it is desirable to inflate the tires to a certain definite 
pressure, a small gauge \vhich will show the amount of compression 
in the tire is useful. 

The outfit shown may be supplemented by other forms of vul- 
canizing sets and by special tire irons to make for easier removal 
of the outer casing. Tire irons vary in design, and most makers 
of tires provide levers for manipulating the casings^ which differ 
to some extent, A set of tire irons such as would he needed with 
n clincher tire equipment could be selected from the forms shown 
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Fig. 423. — Tools and Supplies for Pneumatic Tire Restoration. 
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at Fig. 423. That shown near the gauge is utilized to loosen the 
clincher bead from under the rim should it become rusted in place. 
After the shoe has been loosened from the rmi flange^ levers of the 
form shown below it would be inserted unaer the bead in order 
to lift it over the rim. Two or more of these levers are necessary, 
the long ones being more easily operated than the short ones. The 
length of the lever provided will depend entirely upon the size of 
the tire to be removed Motorists, as a rule, should carry one of 
the releasing levers shown, two of the short members depicted and 
one longer lever. * The latter may be a combination form which 
can be used as a jack handle as well as a tire iron, and then it is 
not necessary to carry a jack handle in the equipment. The flat- 
tened ends are generally employed f(»r prying the bead from the 
clincher nm, and when this has been done and sufficient space 
exists between the bead and the rim to insert the curved end of the 
large levers, considerable leverage is obtained and the bead may be 
lifted over the clincher rim without undue exertion. The object 
of rounding the corners, and of making the w^orking portions as 
broad as passible is to reduce the liability of pinching the inner 
tube, wdiieh w’ould be present if the irons had sharp edges. 

The tire repair material is sometimes carried in a special case, 
as shown at top of Fig. 423, this consisting of all parts necessary 
to make temporary repairs to be considered in proper sequence. 
This outfit IS sometimes supplemented by other special tools. A 
knife is needed to cut tlie rubber, trim patches, etc. The stitcher 
and roller are useful in rolling the patch after it has been cemented 
to the tire to insure adhesion of the patch firmly against the dam- 
aged portion of the tube while the cement is drying. Some motor- 
ists carry a small flame heated vulcanizer in order to effect more 
permanent repairs than w^ould be possible wuth the simple patch- 
ing processes in wdiich only the adhesive powers of dry cement are 
available. 

Portable Air Compressor. — Some Locomobile cars are equipped 
with a single cylinder air compressor, having a bore of 2^/^ inches, 
and a stroke of 2^ inches, wdiich may be considered typical of such 
devices which are often included on recent models of leading cars. 
It is mounted on an extension of the front end of the transmission 
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Tig, 426. — ^View Sliowing Construction of Small Air Compressor Used 
on Ifocomobile Cars for Tire Inflation. 
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countershaft, and driven by means of jaw clutches, which can be 
thrown in and out of engagement by a T handle located on the 
left side of the car, and reached by opening a door in the running- 
board side shield. By drawing handle outward about of an 
inch, advancing one notch to the left in a sen ated segment and re- 
leasing, jaw clutches are interlocked and punp Is ready for use. 
Air is drawn into the cylinder through holes drilled around same 
below radiating fins. Foreign matter is excluded by means of a 
removable screen. On the upper stroke of the piston the air is 
forced out of the cylinder by unseating a fiat valve into a small 
tank placed at the right of the air compressor, and mounted in 
front of the transmission carrying channel. The purpose of this 
tank is to overcome the pulsation of the pump only and not to act 
as a reservoir. 

By means of a two-way fitting air is drawn out of the tank 
through a delivery tube leading to a fitting which pi ejects through 
the left side member of the frame adjacent to the T handle men- 
tioned above. One end of the tire hose is screwed on to this fitting 
when tires are to be inflated. The location of the two-way fitting 
on the tank is such that any sediment or oil falls to the bottom of 
the tank, and is not drawn out through the delivery tube. With 
the motor running at normal speed the air compressor will inflate 
a 37 X 5 inch tire to 90 pounds pressure in about two minutes. 
Every 2000 miles, or oftener if the compressor has been used fre- 
quently, the oil in the crank case should be replaced. The crank 
case is drained by removing a plug located on the bottom. To fill, 
remove both the large and small plugs on the left hand side, and 
pour oil through the larger hole until it overflow's through the 
small hole. In case tlie oil which w^as removed seems especially 
dirty, fill the crank case with kerosene and drain before putting in 
new oil. This compressor is clearly showm in Fig. 425. 

Tire Manipulation Hints. — In removing or replacing outer cas- 
ings, considerable care must be exercised not to injure the shoe or 
pinch the inner tube. The first step is to jack up the wheel from 
which the defective tire is to be removed, thus relieving the wheel 
of the car weight. The valve inside is then unscrewed in order to 
allow any air that may remain in the tube to escape, and then the 
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lock nuts on the valve stem are removed so that this member may 
be lifted to release the clincher beads from the rim channels. If 
the tire is stiff or has not been removed for some time, a special 
iron is utilized to loosen the edges and the beads are pushed clear 
of the clincher rim. 



Fig. 426. — Defining Maniptflation of Clincher Tires. 


When the casing has been loosened on one side, a flat tool, as 
shown at Fig. 426, is inserted under the loose bead to act as a pr> 
or lever to work the edge of the casing gradually over the rim 
Very long levers are necessary to handle new stiff tires, and uii 
used casings are particularly hard to move. The shorter irons ma> 
be employed on sb^ which have been used for some time an(i 
which are more pliable than the new ones. Two of the levers ar( 
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generally used together, one being kept under the loosened edge 
of the bead, while the other is used to force the bead over the edge of 
the rim. When the outside edge of the bead has been forced over 
the rim at all points the inner tube is lifted from the rim and is 
pulled out of the shoe. The start at removing is made at the point 
diametrically opposite the valve stem. When this portion has been 
pulled clear of the rim and out of the casing it is not difficult to 
pull the rest of the tube out and finally lift the valve stem out of 
the hole through which it passes in the wheel felloe, and take the 
inner tube entirely off the wheel. If the ca.^ing demands attention, 
or if a new shoe is to be used, the inside bead is worked over the 
channel of the clincher rim in just the same manner as was done 
with the outside bead, and after a start has been made and a por- 
tion of the inside bead forced over the rim there will be no diffi- 
culty in slipping the entire shoe from the wheel. 

Applying a tire is just the reverse to removing one. The first 
operation is to place the inner bead of the tire in place in the center 
of the rim by forcing it over the outside flange. This is done grad- 
ually, and in order to force the remaining portion of the shoe it 
may be necessary to use long levers when the greater part of the 
casing has been applied. The next step is to work the shoe grad- 
ually toward the inner channel of the rim, then to insert the air 
tube. The inner tube is replaced after it has been partially in- 
flatt'd by putting the valve stem in first and then inserting the 
rest of the tube, being careful not to pinch it under the beads. 

After the inner tube has been put in place, the outer bead of 
the tire is worked over the edge of the rim channel. Care must 
be exercised to insure that the inner tube will not be pinched by 
the sharp edges of the tire levers. The object of partially inflating 
tlie inner tube is to distend it so there may be no loose or flabby 
portions that are liable to catch under the tire bead when this is be- 
ing forced in place over the wheel rim. The conventional method of 
inflating tires by using a foot pump does not always insure that 
they will receive adequate inflation, and when a pump is employed 
it IS imperative that some form of gauge be provided that will regis- 
ter the amount of pressure inside the tire in order that it will 
reach the figure recommended by the tire makers. Different raeth- 
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ads of tire inflation have been devised which eliminate the neces- 
sity of using manually operated pumps. Obviously a simple ex- 
pedient would be to provide a small power-driven pump that could 
;be actuated by any convenient mechanical connection with the (en- 
gine or a spark plug pump. Another method is to use an air bottle, 
which is a steel container m which air is stored under great pres- 
sure. The air is compressed to such a point that a tank less than 
two feet long and six inches in diameter will furnish sufficient air 
to inflate seven or eight large tires or twelve small ones. The tanks 
may be exchanged at small cost when exhausted for new containers 
holding a fresh supply of air. In some tanks, gases of various 
kinds under high pressure are used and the motorist may obtain 
these on the same basis as air bottles are supplied. 

All devices of this character are fitted with gauges to indicate 
the amount of pressure in the tire, and to prevent overinflation. 
If a tire is not properly inflated the shoe will be liable to various 
kinds of road damage and will be easily punctured, while if the 
pressure is too high the shoe is liable to ‘'blow-out'’ at any weak 
point in the structure A tire-pressure gauge is a very necessary 
article of equipment in any car and its proper use when blowing 
up tires will insure the best possible results if the schedule recom- 
mended by the tire manufacturers is adhered to. Three mch tires 
should be inflated to 60 pounds, and three and one-half ineh/to 70 
pounds pressure. The rule is aiiproximately 20 pounds for every 
inch of tire width. 

Small Vulcanizers. — A number of portable vulcaiuzers designed 
for the use of the motorist so that tires may be repaired without 
removing the easing from the wheels if surface cuts are'l.to be vul- 
canized is outlined at Fig. 427. These operate op three different 
principles, some depending on the heating ^$ffect of coils conveying 
an electric current, others upon steam prf^ced by a small bui’ner 
acting upon the water contained m the easting while the simplest 
form utilizes dry heat produced Ify burning gasoline in the vul- 
canizer. The form at A obtains its heating property from steam 
and IS shown clamped in place to seal a cut in the casing. The 
form at B is heated by electric current and is also shown clamped 
to an outer casing. The form at C derives its heat from the flame 
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Fig. 427* — ^Views Showing Small Portable Vulcamzers Suitable for Boad 

or Shop Bepairs. 


of a small lamp burning alcohol or gasoline which heats water con- 
tained in the body of the device. This has two faces, one flat for 
use in vulcanizing patches and inner tubes as shown, w^hile the 
other is curved to permit it to make repairs on outer casings. The 
form at D is used only for inner tube work and the method of 
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action may be readily understood by referring* to the cross section 
at E. The heating portion consists of a simple casting having a 
number of projecting fingers which are heated by the flame of 
burning gasoline. A definite amount of fuel is poured into the 
heater and ignited and after this has burnt itself out enough heat 
will have been imparted to the easting to produce satisfactory vul- 
canization of the repair material placed in tlie defective portion of 
the inner tube. These small vuleanizers are intended primarily for 
the use of tlie motorist in making minor repairs and are not practi- 
cal tools for the tire repair shop, though they may be used to ad- 
vantage in small garages where no attempt is madt' to carry on 
tire repair work on a large scale. Under these conditions they 
will proA e practical in coping with the various eimn'gem'V r(‘j)airs 
such a garage may be called u}>on to jx'rform 

Shop Vulcanizing Equipment. — Tlien* is consideralih' diflerence 
between the vulcanizing equijiment intiuided for tlu^ use of the 
average motorist or small re])air shop and that intendi^d for com- 
mercial w’ork Whereas the small vuleanizers are usually intended 
for curing but one tube patch or casing patch at a time tlie large 
ones have provision for treating a number of tubes and casings at 
one heat simultaneously. Practically all of the commercial vul- 
eanizers operate by steam. This is generated in a small lioiler and 
is led to the various molds and plates for (Oiring tin* inner tubes. 
A steam gauge is provided as the temperature of tin* steam may bi' 
readily determined by its jiressure and in some eases a safety or 
blow off ^al\e is provid(*d to prevent the generation of tod mucli 
?team. 

A typical vulcanizing outfit haMug a capacity for Cll^rog three 
inner tubes and tw^o casing sections is showTi at EJig. 428. Tlu* 
tubes are cured on a flat jilate which is at tl^c tqp of the boiler 
while the steam for curing the casings i$ to the hollow mold 
carried by the table. A gas burner is pfp^ued to produce the heal 
necessary for turning the water contained into the boiler to steam 
Valves are placed in the various steam lines in order that the flov 
may be controlled. A group of vuleanizers of various patterns is 
showm at Fig. 429. The feature of the Shaler automatic plant 
showm at A is a machined surface 4 x 30 inches which will vul- 
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canize six tubes as easily as one. It can be heated independently 
of the casing attachment or used simultaneously with it. In the 
vulcanizing outfit shown at Fig. 428, pressure is applied to the 
patch by means of coil springs, whereas in the Shaler, the pressure 
to secure intimate adhesion is applied to “^he tubes by means of 
swivel clamps wdiich produce a uniform pressure on every part of 



the patch. With this outfit the method of making blowout repairs 
IS by curing from the inside with the inside casing mandrel and 
from the outside witli the casing tread form simultaneously. In- 
stead of cutting away a quantity of rubber and fabric, a reen- 
forcement of heavy fabric is built up inside of the casing and 
the holes through the rubber are filled with pure Para gum. The 
boiler is a copper coil heated by a powerful gasoline burner which 
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* 

raises steam to the vulcanizing pressure from cold water in fif- 
teen or twenty minutes. A thermostatically controlled damper 
maintains the pressure and temperature of the steam at the correct 
vulcanizing point automatically. The ‘‘Radium’’ outfit which is 
shown at Fig. 429, B, is provided with twn tube blocks and two 
casing blocks, these coming from a globe fitting carried at the end 
of the steam pipe leading from the boiler. In the Miller garage 
vulcanizer whicli is shown at Fig 429, (\ the easing mold is com- 
bined wdth the small boiler while the tube plate which has provi- 
sion for vulcanizing four tubes at a time is mounted above the 
casing mold. Attention is directed to the aecessories. these in- 
cluding the steam gauge at one end of the tube plate, the safety 
pop valve at the other and the w'atei glass to indicate the correct 
level of w’ater at the front of the coinliined boiler and casing mold. 

The outfit showm at Pig. 430 is of Hayw’ood design, and is 
known as the “lloosier” jdant. It is not intended for retreading 
work but for sectional and inner tube repairs. It is a compactly 
built equipment with a boiler containing tw^o vertical fire flues 
capped wuth a baffle plate to bold the beat dowui. A steam conduct- 
ing pipe leads from tlie boiler to the steam dome, this having four 
outlets which lead to tlie several molds. All molds are of a shape 
that is self-drained and condensation returns back through the 
steam supply pipe. It is said that this plant wull cure all types 
of ca^ngs ranging in size from 2j/^ to -inches, that it wull cure a 
blowout up to 15 inches m length and will even cure a tire cut 
frolh bead to bead. The tube vulcanizing plate is of ample size 
and will cure three or four inner tubes at one time. 

The various types of molds and the method of using them are 
clearly show^n at Fig. 430, these being intended for use with the 
vulcanizing plant depicted at the left of the illustration. As w^ill 
be apparent the mold proper consists of a hollow casting shaped 
to conform to the tread of the tires it is to fit at the bottom and 
having smoothly planed side walls to insure a correct fit of the bead 
molds as the fit determines the amount of heat conduction and the 
successful curing of the entire injured section of the casing. The 
mold is shown at 1 while the arrangement of the mold bead form 
and clamp is clearly outlined at 2. Bead molds are made in various 
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patterns, those at 3 and 7 being intended for straight side casings 
while the forms outlined at 4, 5, and 6 are for use with clincher 
casings. The air bag which is placed inside of the tire casing in 
sectional work with the usual process of vulcanizing is shown at the 



Fig. 430. — The Haywood ‘^Hoosier’’ Vulcanizer and Sectional Molds 

for Same. 
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lower portion of the illustration. This is practically a short sec- 
tion of heavy wall inner tube provided with an inflating tube and 
valve in order that it may be blown up when placed inside of the 
casing to press the sides of the casing firmly against the heated 
walls of the mold. The mold is heated b^ the steam circulating 
through the hollow interior while the bead molds are raised in 
temi^erature ))eeau.se they are in contact with the luiated walls. 
The clanij) ser\ es to keep all parts in secure engagement and makes 



Fig, 431. — Some Useful Accessories for the Tire Eepair Shop. 


for uniform heating as veil as providing a degree of pressure which 
is very desirable in vnlcaiiizing. 

In some easels the vulcanizing molds are placed on a large table 
and the steam is obtained from a boiler of larger capacity than 
those ordinarily supplied with the vulcanizers previously described. 
In a large simp where much tire repairing is done the small vul- 
eanizers will not have sufficient capacity so a large number of molds 
and tube vulcanizing plates are arranged so they may be supplied 
with steam from a large separate boiler. This is coal fired for the 
most part and as will be evident by referring to Fig. 431, A, it fol- 
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lows the conventional design of the vertical fire tube boilers used 
in making steam for engines and heating purposes. There is a 
number of supplies that can be included in the shop^s equipment to 
facilitate the repair processes. Where much tire repairing is done 
the grinder and countershaft shown at Fig. 431, B, will be found 

valuable because of the 
ease with which worn 
rubber may be ground 
off of a easing and 
also because of the ad- 
vantage obtained by 
roughening the rubber 
and fabric with a wire 
scratch brusli as shown 
at D in order to re- 
move all dirt, grease, 
etc., and make for posi- 
tive adhesion of the ce- 
ment. The tire last 
shown at C is int^ilded 
to 1)0 attache^ 
work-bench simple 
iron pipe for 

working oh tsasings, as 
it provid(*s a secure 
resting jilace when 
stripping down layers 
of fabric in making 
sectional or other re- 
fiairs Some systematic 
method is necessary to take care of the material in process of repair. 
A simple tire rack for holding ciasings is shown at Fig. 432. This 
is very easily made, and obviously the design may be varied from 
that shown to provide accommodations for inner tubes as well as 
casings, the basis of the stand of rack consists of standard iron 
pipes attached to the floor and ceiling, the tires being supported by 
wooden strips attached to brackets clamped to the iron pipe. The 



rig. 432. — An Easily Constructed Ttire Back. 
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brackets are simple castings and may be moved up and down to 
accommodate different size casings by releasing the clamping screws, 
and they are easily locked in position at an/ desired point on the 
pipe by tightening the clamping screws. 

Materials Employed in Tire Work. — The stocks and com- 
pounds commonly used in tire repair work ar(^ many and as is true 
of other forms of construction, none but the best should be em- 
ployed. Many tire repairmen use cheaper grades of stock because 
the margin of profit is larger, but this is poor policy, and any one 
who wishes to establisli a business viil find that only the best se- 
lected material should be employed. If this is bought from repu- 
table makers, at a fair price, there can be no question as to quality. 
Cover stocks are used tor retreading and padding, and vary in 
composition and gauge from %4 to thickness to meet dif- 

ferent requirements. Some retreading stock is m the form of 
thin sheeting, other forms, known as '‘cameiback, ” are calendered 
thick in the center so that it answers the same purpose as though 
several layers of the regular retreading stock were used. '‘Inside 
patching’' IS a rulibor stock cured on one side and iincured on the 
other, made especially for repairing tire tubes. Frictioned fabric 
IS a textile ])roduct of high grade long fiber cotton, impregnated 
with rubber composition, while n^building fabric is frictioned ma- 
terial having a skim coat of pure gum in addition. "Bareback” 
fabric is material frictioned on one side only, wliile breaker strips 
are narrow widths of frictioned fabric in various sizes, ready for 
application to tires without cutting, save for length. 

When an inner tube is blown out badly it is necessary to cut 
it at that point and use what is called a tube splice, this being made 
with a short piece of tubing with each end tapered that joins the 
ends of the ruptured tube. Cements vary widely but should al- 
ways be similar in composition to the rubber upon which they are 
to be used, as to make a good joint by the vulcanizing process the 
cement should contain the same percentage of sulphur. This is 
another condition in which the experienced man scores, as if care 
is not taken in the selection of the cement, very unsatisfactory re- 
sults are obtained m vulcanizing. Most rubber cements consist of 
pure Para rubber dissolved in naphtha or other solvent, to which is 
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added other substances, such as shellac as thickeners, or various 
Specific driers to make the cement dry quicker. Where tenacity is 
specially desirable, other gums, such as mastic and gumlac, are 
used. So many excellent cements on tlie market have been tried 
and tested that the repairman would be unwise attempting to com- 
pound his own, especially when these can be purchased as cheap, 
if not cheaper than the raw materials and made on the premises. 
The results are more uniform with commercial cements. 

Many motorists cannot understand why tire repairing is a some- 
what costly process, but it will be evident that great care is neces- 
sary at every stage, from preparing tlie tire and applying the 
fabric and rubber, to the final curing, and that a certain knowledge 
is necessary which can only be gained by experience. Tlieii the 
materials employed are costly, the retreading stock costing about 
$1.50 a pound for a product of the best quality, wliile frictioned 
fabric such as is used in rebuilding, costs about $2 50 tlie square 
yard. There is considerable hard work needed and exiierienced 
men command good salaries. Then the repairman must stand 
back of his work and often loses money in endeavoring to please 
customers by making gratuitous repairs upon tire failures which 
were due to the motorist’s abuse, and not that the work is faulty 
The pictures and drawings illustrating the subject are pertinent 
and will serve to make clear some of the processes and apparatus 
necessary in tire repairing. 

Proportioned Repair Stocks. — In buying rrepair material, a 
certain amount is to be invested, and this should be for a properly 
proportioned stock. To get too much of one thing and not enough 
of another is vexing and discouraging to the man making a start. 
It is to overcome this drawback that supply houses offer certain 
assortments, consisting of the right kinds and the right quality of 
stock. The assortment mentioned below is merely suggeistive. The 
price quoted on each kind of material aws the market price at the 
time this book was printed. Prices vary slightly from time t(' 
time, and a change, therefore results in the amount of each grade 
to be shipfied. The recommendation is made by the Haywood Tin' 
and Equipment Company of Indianapolis, Ind. 
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ASSORTMENT A— flOO.OC 


30 Iba AA tread stock 

$0 75 

$22.50 

20 lbs AD building fabric 

1.00 

20 00 

10 lbs. AS single friction 

90 

9.00 

5 lbs MC cushion stock 

1 20 

0 00 

5 lbs AB breaker 

1 00 

5 00 

3 lbs. MT tube stock , . 

1 20 

3 00 

5 gals SLC cement 

1 90 

9.50 

20 lbs. soap-stone . . 

05 

1 00 

1 doz. No 1 Valve biisos 


1 50 

1 doz No 2 Valve bases 


1.90 

100 Air checks 


2 05 

100 Valve caps 


2 00 

1 doz. 777 Valves 


3 50 

doz. 725 Valves 


1 85 

2 — 3" Tube sections 

50 

1 00 

4 — Tube si'ctions 

00 

2 40 

5 — 4" Tube sections 

75 

3 75 

2 — Tube sections 

90 

1.80 

1 — 5" Tube section 


1 05 



$100 00 


A much smaller outfit, suitable for the individual owner or 
small repair sho]) follows 


ASSORTMENT E— $5 25 


2 lbs l\ibe stock 

$1 20 

$2 40 

1 lb Tread stock 

75 

75 

lb Cushion stock 

1 20 

60 

1 qt Cement 


70 

1 Can soap-stone . 


20 

1 doz Air checks 


.35 

1 doz Valve caps 


26 


$5 25 


How Tires Are Often Abused— In many instances tires have 
been received by repairers which show such wear at the sides that 
the canvas layers are (‘xposed, which is due to three causes, all of 
which may be directly traced to abuse by the driver of the car to 
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^ n^Hiich they were fitted. This wear may he caused by drivin^^ 
againal the curbstones, in car tracks and with the tires deflated. 
In driving many motorists come up too close to the curb, and the 
friction at the side of the cover naturally causes it to wear on oik^ 
side, so that sooner or later the canvas layers are exposed. This 
usage, if continued, weakens the shoe and a blowout will result. 

If one drives in car 
tracks the side of the 
tread will wear on both 
sides, as with the usual 
construction the vogue 
in many cities there is 
a space between the 
rail and the paving in 
which the tire may be 
forced, and the fric- 
tion will cause rapid 
wearing of the rubber 
at the side of the 
tread. 

Other reasons for 
wearing the;’" sides of 
the cover are*ti4ceabie 
to deflated In 

the case of a shaft 
driven car the shar}) 
edges of the clincher rim may cut into the casing this wearing being 
known as rim cutting, being produced by the concentration of the 
entire weight of that quarter of the car upon the edges of the rini 
channel. Wearing by the chain of a side chain driven car is possi- 
ble, if the tire is not properly inflated. It is evident that tlni 
weight will depress the tires and if there is not sufficient air therein 
it cannot resume the rounded contour under which conditions h 
clears the chains, and w^hen flattened the sharp edges of the linK 
side retaining rivets will shear off the rubber very quickly. 

Another condition in which many motorists are negligent i'’ 
keeping their tires clean and free from oil and grease, for whih 



Fig. 433. — Sectional View of Pneumatic Tire, 
Showing the Defective Conditions Which 
Demand Attention. 



Why Tires Depredate 

rubber is perfectly waterproof, it is easily affected by oils aud 
some acids, which act as solvents, and if exposed to their action 
for any length of time it will soften and disintegrate The first 
signs of decomposition show only when ii is “^oo late, that is, when 
the tire is beyond repair, and unfortunately there is a tendency 
to attribute this to an inferior quality of ri.bber, whereas it is 
due directly to the solvent action of the oil, and the purer the rub- 
ber the more rapid the chemical action. Ij* many types of live 
rear axles the oil will leak from the housings and get upon the 
tires. Often the motorist will let his car stand for days at a time 
in a pool of oil on the floor of the garage or motor house. Oil 
should be immediately washed off of any of the rubber parts with 
gasoline or naphtha. The importance of keeping either oil or water 
away from rubber cannot be too firmly impressed upon the man 
who wishes to obtain maximum service at minimum expense from 
his tires. 

Why a Tire Depreciates Rapidly. — A most common form of 
deterioration is ordinary wear of the rubber tread, which depends 
upon the quality of the rubber used and the number of miles 
driven ; in such a ease the fabric, which is really the mam support 
of the tire, is laid bare. This is inevitable owung to the constant 
friction of the tire against the ground, but many people attribute 
this wear to inferior quality of rubber, forgetting that even the 
most r&istent of materials will not constantly endure. If one con- 
tinues to use a tire worn down to the canvas the fabric will wear 
quickly, and the shoe be weakened so that the walls no longer re- 
sist the pressure of the inner tube, which bursts out through the 
weakened portion. After a tread is worn to the canvas, deteriora- 
tion will be rapid and the only possible repair ie the application 
of a new rubber tread. 

Another cause of tire depreciation is small cuts in the rubber 
covering which will affect the fabric as w^ell. These are caused by 
sharp objects, such as broken glass, nails, particles of iron, flints, 
sharp stones, etc., which stick into the tire. The damage caused 
may be of two different natures, either the outer cover is cut to a 
greater or less depth or both the cover and the inner tube are cut 
through, the tire being temporarily rendered useless in the latter 
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instance, which is the ''puncture’’ that is the dread of motorists. 

Assuming a sharp object has cut a gash into the cover, but has 
not reached the inner tube. In such an event, especially if the 
layers of fabric have not been damaged the driver can go on for 
the moment without repair. It is different when one or more of the 
layers of canvas have been cut into. In that case water, sand, grit, 
etc., work into the cut and cause the tire to blister while water 
will produce rotting of the fabric, either of which conditions if not 
given immediate attention becomes fatal to the outer cover. Sand 
will work betw^een the layers of rubber or fabric and produce lumps 
knowm as sand blisters, which often puzzle the driver and give rise 
to all manner of surmises as to their cause. 

Water Rots Fabric. — The average motorist does not usually 
consider w^ater an enemy to tires, and it is not so long as it stays 
outside. Moisture has very little effect upon the rubber, but dam- 
ages canvas to a great extent. Cotton fabrics and in fact all vege- 
table fibres w^hich have as a general basis cellulose, such as flax, 
jute and hemp, can offer resistance remarkably well to atmospheric 
influences such as oxygen, heat and damp, which affect so many 
organic substances. For instance, it is said that a piece of cotton 
exposed for a month in the air, tlie sun and the rain, does not 
lose more than two per cent, of its original strength other 
pieces w etted and ironed dry 20 times in succession only Just three 
per cent. If left under water for six months, the cotton fab4<^ used 
does not lose much of the dynamic force although the wafer itself 
may be covered on the surface with mold But if cotton is left 
in a damp place, on the damp floor of a cellar, for instance, it wull 
get spotted in a very sliort time, on account of the mold, micro- 
scopic fungi, mildew, and other minute agents of destruction. This 
effect is w^ell known to motorists as wmll papers, which arc often 
made of cellulose fibres, will fall to pieces and crumble when on tli<‘ 
w'^alls of damp rooms or closets. It is this same result which often 
causes bursting of tires apparently in good condition, the first 
time used after standing all winter, because the cotton fabric 
rotten. This has been proven by te.sting the canvas, the reductioi; 
of resistance being 50 to 75 per cent, of its original value because 
of the weakening of the fibres due to the chemical action. Th(‘ 
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importance of keeping* water from the interior of a tire should 
be apparent, and tliis can be best done by keeping the tires properly 
inflated, so that the beads will hug the rim, forming a water-tight 
joint, seeing that all tire and valve lugs have suitable washers under 
the nuts, that the valve is provided with suitable packing washers, 
and lastly that all cuts 
of any size which pene- 
trate to the fabric are 
filled with new rubber 
])y vulcanizing. 

Describing Repair 
Processes. — In describ- 
ing methods of resto- 
ration reference* will be 
made to the processes 
for retreading, rebuild- 
ing, making sectional 
repairs, and simple in- 
ner tube work Re- 
treading is necessary 
when the outer tread 
has so w'orn through 
normal use that the 
earn as shows in spots, 
and it can only be 
done with profit on 
casings that are strong, 
in which the fabric 
carcass or body has not been w^eakened by blowouts or rim-cutting. 
Rebuilding a tire is replacing weakened or destroyed fabric by new 
material and making a new^ tiead. It is a more expensive opera- 
tion and IS seldom profitable. In case of a large puncture or blow- 
out in a casing ( providing the rest of the shoe is in good condition), 
it IS only necessary to build the tire over at the weakened spot. 
This is know n as sectional work and is perhaps the most common 
method of repairing knowm. Tube work is simple and the method 
depends upon the size of the hole to be sealed. The necessary ma- 



Fig. 434. — View of Inner Tube, Showing the 
Various Sized Holes and Sizes of Patch 
to Use in Making Repairs, also Defects 
that Cannot be Patched but Must be 
Vulcanized 
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terial and stock may be purchased but experience can only be ob- 
tained by constant endeavor to improve, and knowledge is the 
most important asset of the successful tire repairman. 

Tire Tube Repairs. — Tire tube work includes repairing punc- 
tures, blowouts, cuts due to pinching in application, or by poorly 
fitting security bolts, and inserting new valves After locating the 

opening, the rubber is 
slightly roughened 
wuth a piece of emery 
cloth for an inch and 
a half on all sides of 
the hole, the surface 
IS cleaned thoroughly 
with lienzine, cemented, 
filled in ^\ith un vul- 
canized stock or a 
l>atch and cured on a 
flat plate. Cuts are 
treated as previously 
described to insure ab- 
solute cleanliness, the 
edges are cemented and 
brought together with unvulcanized stock to form a union, and 
cured, as in the case of a simple puncture* Blowouts Or large 
punctures require different treatment after the rubber has been 
thoroughly cleaned, as the size of the hole seriously weakens the 
tube. The area around the opening is well ^^einented, both inside 
and out, inside patching material is placed inside the tube; the 
space between the edges of the hole filled in with unvulcanized 
material, stitched carefully, placed on a flat plate and cured. The 
length of time in heat is governed by the quantity of material and 
quality of the tube to be cured. This will vary from 10 to 25 
minutes at a steam pressure of from 35 to 50 pounds. In apply- 
ing valves a piece of rubber known as the valve pad is vulcanized 
to the inside of the tire instead of the inside patching, this serving 
as a reinforcement and forming a firm base for attachment of the 
valve. 



Fig. 435. — ^How to Eemove the Cloth Cover 
to Expose Cemented Surface of Prepared 
Patch for Inner Tube Repairs. 
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Beplaqing Valve Stems. — There are a number of occasions 
where the valve stem of an inner tube becomes defective due to 
either the stripping of the external threads so that the pump con- 
nection cannot be securely screwed on, stripping of the valve thread 
inside which prevents the removal of the clieelr valve and bending 
of the stems due to careless handling in remo'dng it from the rim. 
Another common fail- 
ure is shearing off of 
the projections on the 
valve inside by which 
it is intended to be 
unscrewed, which 
means that tiie valve 
cannot be taken out 
when it becomes leaky. 

Of course, any one of 
these defects tempo- 
rarily destroys tiie use- 
fulness of the inner 
tube. If that member 
is comparatively new 
or still serviceable, a 
new valve stem may be 
easily inserted. The 
repairman who does 
tire work will find it 
adyantageous to cut out all the valve stems from old inner tubes 
which may be in his possession, and even when an inner tube is en- 
tirely worn out the valve stems may be in good enough condition to 
warrant saving them until an opportunity presents itself for using 
them. A defective valve stem may be taken out of the inner tube 
without injuring it by releasing the clamping nut and removing it 
and the easing spreader, then removing the corrugated washer which 
holds the tube against the button-shaped inner end of the stem. The 
portion of the tube adjacent to the stem can be carefully loosened 
and the button end separated from the rubber by forcing the stem 
into the tube. Some gasoline or naphtha may facilitate loosening of 



Fig. 436. — How Tire Tread is Sometimes 
Injured by Projecting Bolts of Fender 
Iron if Springs Deflect Excessively. 
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the valve base if cement has been applied. If a pair of special tire 
pliers is at hand their point can be inserted into the hole and the hole 
can be stretched until it is sufficiently large to pass the button end of 
the stem through. The button end of the new valve stem, can be 
placed in a hole when tins is elongated and some cement may be ap- 
plied to the contracting surface of the stem end as a lubricant to 



Pig. 437. Showing Method of Locating Punctures in Inner Tube by 
Immersing it in a Tank of Water, the Bscaping Air Indicating the 
Presence of the Leak by Bubbles. 
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facilitate entrance into the interior of the tube. The pliers are then 
removed and the tube allowed to constrict around the valve stem. 
Some cement is placed on the corrugated face of the clamping 
washer, then the spreader is put on over the stem and the clamp 
nut screwed down and tightened. By partially inflating the tul>e 



Fig. 438. — Showing Method of Cleaning Area Around the Puncture with 
Emery Cloth or Sandpaper Before Applying Cement to Tube. 


and submerging the stem portion in water one can easU^^ determine 
if a satisfactory repair has been effected. Care shouWt)e taken m 
replacing the clamp plate or spreader so that its greatest length 
is lengthwise of the tire. The function of this is to protect the 
tube at the point at which the valve is attached. It also aids in hold- 
ing the casing in place on the rim to some extt'nt. 
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Simple OasiEg Bepairs. — In event of a damaged shoe, the ex- 
tent of damage and whether the hole is through the cover, or only 
through the rubber is ascertained. If only the tread is affected it 
will not be necessary to remove any of the canvas layers, but the 



Pig. 439.— Showing Use of Wire Bristle Buffing Wheel tipin- 

die of Small Portable Drilling Maclune for Sur- 

rounding Puncture on Inner Tube, 


rubber must be cut away for one or two inches around the broken 
surface. The edges cut bevel, then roughened with a rasp or emery 
wheel; then apply two or three coats of vulcanizing cement, allow- 
ing each to dry thoroughly and build up with cover stock to sur- 
face contoui^ dust talc over the mold, clamp tightly, and vulcanize. 

Sepairs May Be Made Prom Inside. — If the hole is through 
the tread and body, and it is not too large, such as is caused by a 
simple puncture, a good deal of work can be done from the inside 
of the tire and very little rubber need be removed from the tread. 
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In a simple puncture no rubber need be removed. For a small 
blowout it is only necessary to fill in that part of the tread or cover 
tliat was blown away. In making repairs from inside it is jieces- 
sary to turn the casing inside out, and remove two or three plies 
of fabric inside, ^'stepping down’’ each ply, as shown at Fig. 443, 
the last ply to be within two inches of either side of the edges of 
the hole. Clean thoroughly and apply at least three coats of vul- 



Fig. 440. — Preparing Inner Tube for Vulcanizing Patch. A — Coating 
Inner Wall of Tube with Bubber Cement. B — Inserting Semi-Cured 
Bepair Stock Patch. 


canizing cement, allowing each coat to dr^^ thoroughly before ap- 
plying the next. This will require about an hour for two first coats 
and three hours for the last. Cover the inside of the fabric with 
20-gauge unvulcanized stock, turn the tire back as it should be and 
replace the fabric removed wdth new^ stock by a ‘"stepping-up” 
process, applying one or two extra layers of plies in the inside ex- 
tending for several inches beyond the other material, this to make 
the repair as strong as any other part of the tire. Fill in the out- 
side surface wdth raw" stock, place the tire in a sectional mold, 
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rig. 441. — Showing XTsc of Stitcher in EolUng Patching Rubber to Maho 
Firm Contact with Inner Tube. 
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■sf , 

dusting both mold and tire over with talc powder, and after plac- 
ing an air bag or substitute inside the shoe inflated from 40 to 60 
pounds pressure the curing follows. It is recommended that the 
tire be wrapped at each end of the mold for about six inches with 
a bandage, this to hold the case together and prevent distortion or 
bulging out of the air bag. The curing continues from 45 minutes 
to one hour at from 50 
to 55 pounds^ accord- 
ing to the size of the 
tire. ' 

Another method of 
making this repair, and 
followed if the blow- 
out IS at all serious, 
is to remove the old 
tread for four or five 
inches on either side of 
the opening. The tire 
is then restored with 
new stock, after the in- 
side has been treated 
as previously described 
and weakened or broken fabric replaced by a stepped series of lay- 
ers Oi^resh material, A point that must be observed is to remove a 
sufficient quantity of tlie tire stock to insure that fabric enough 
will be used on the shortest step, which is that next to the cut, so 
that it will bridge over the hole and leave a substantial margin of 
canvas at either side. As it must be evident that there is consider- 
able strain against the patched portion of the tire, the greater the 
area over which the stress is distributed the stronger the repair. 
Each ply of fabric or rubber should be well rolled with the stitcher 
so that every part of it will adhere, and if air is left between the 
layers, forming bubbles, these will cause loosening of the covering 
when the tire is in service. Air pockets should be struck open with 
the point of an awl moistened with water before making a hole, as 

edges will close together more readily if this precaution is taken. 

Betreading and Eabuilding Tires. — ^If a tire has become worn 



Sleeve and Outer Shoe in Making Tem*^ 
porary Bepair of Blowout in Casing. 
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through normal wear, it is possible to put a new tread on the old 
fabric body and add considerable to the life of the tire. To re- 
tread a tire the first operation is to remove all the old tread down 
to the fabric. This is done by cutting straight across and through 
to the first breaker strip, and pull this away from the tire proper, 
using gasoline or benzine to assist in loosening it from tlie padding 

The remaining rubber 
is cut away with a 
sharp knife moistened 
in water, and then all 
traces of the old tread 
are removed with the 
wure brush, emery 
wheel or rasp. If the 
fabric has been dam- 
aged, as sometimes re- 
sults when the tire is 
run with the tread 
worn so that the plies 
are exposed, each in- 
jured layer should be 
cut off. Af^ buffing, 
the outside 
is thorough 



rig« 443. — At A, Method of Stepping Down 
Fabnc and Tread of Outer Casing when 
Hepairing Blowout by Sectional Vulcan- 
izing Process. At B, an Inside Patch that 
is Held in Place by Mechanical Means 
Instead of Cement is Shown. 


the shoe 
,ly washed 
with gvA s o 1 i n e , and 
when this has evapo- 
rated three coats of 
vulcanising cement are 
applied, allowing the last one to dry about three hours. A coat 
of 20-gauge cover stock is applied as padding, and over this is 
placed a breaker strip, then another layer of cover stock, also 
used as padding, this covering the breakei^ Wip only. Over this 
padding is applied a sheet of 60-gauge retreading stock, allowing 
it to extend one inch each side of the breaker strip ; apply a second 
layer of the same stock aliout one inch narrower, and over this is 
laid another strip of retreading stock of the same gauge as the 
others which extends to the point formerly the edge of the old 




Retreading and Rebuilding Tires ^ 873 

tread. Each ply is rolled thoroughly and stitched and all air is 
released from air blisters. The shoe is now ready for curing. 

Rebuilding is very similar to retreading except that new fabric 
is used to replace any that is not up to the standard in the body 
or carcass of the shoe. The tread is removed as in retreading, and 
the first ply of fabric is cut through all the way around on the 



Fig. 444 — Showing Method of Stripping Oif Worn Fabric from Section 
of Old Casing to Make a Very Satisfactory Inside Patch for Blown- 
Out Casings. 


center of the tire. After cutting, this ply is turned back all the 
way around to within one-half to one inch of tlie bead. The weak- 
ened plies are removed, never more than three, as more than this 
makes the cost of this mode of restoration prohibitive. Assuming 
that two plies are removed, cut out the first all the way around 
within one-half inch where the first ply is turned back. Remove 
the next ply within one-half inch of the second and clean the tire 
thoroughly, applying three coats of cement. It is imperative that 
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pig. 445. — Depicting Various fteps in Betreading Casing. A — Stripping 
Off Defective Tread EubW. B — ^Applying New Cover Stock, en- 
wrapping tke Casing ftenly wltk Strips of Clotk. D— Bolting on 
Cover of Stemn Oven Jfcetreading Type Vulcanizer. 
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the cement coatings dry thoroughly. Twenty-gauge cover stock is 
applied over the cement and rolled thoroughly, and rebuilding 
fabric, cut on the bias, is used to replace the plies previously re- 
moved. The part of the tire that is turned back is rolled into 
proper position, the union at the edges being made with unvul- 
canized pure gum stock, and the remainder of the process is the 
same as in retreading. 

Many rim cut clincher tires are brought in, the damage result- 
ing from use without sufficient internal air pressure, and in some 
instances it is possible to make a very satisfactory repair upon 
these. The rubber is removed from the cover on tlie side for about 
an inch and a half or two inches above the bead and then a ply of 
fabric is removed about one-half inch from the toe of the bead. If 
more than one ply is cut the next ply should be cut away one inch 
more than the first. Clean thoroughly and cement. Twenty-gauge 
cover stock is applied, the rebuilding fabric to take the place of 
each layer removed, the last ply to be cut wide enough to turn in- 
side the casing from two to three inches. An amount of unvul- 
canized stock about equal to that removed from the cover is then 
applied and the tire is ready for curing. 

In tire retreading or rebuilding, certain essential factors, if ob- 
served, will insure success. The parts must be thoroughly cleaned 
before application of cement, and all coats should be allowed to dry 
at least the time specified by the makers. Every layer of material 
applied, whether fabric or rubber stock, must be firmly rolled to 
insure proper adhesion, and it is imperative that air bubbles be 
punctured and the air released. The best cements and stocks to 
use are dictated by experience, and the gauges of the stock ap- 
plied will vary with the individual preference of the repairman, 
though these should be chosen with reference to the material in the 
tire that is being restored. 

To cure a rebuilt or retreaded cover in the large pot heater it 
is necessary to have air bags of the proper size for each tire, as 
those that are too large may become pinched, while those too small 
will not properly fill the interior of the casing. After an air bag 
(which is in reality either a portion or entire specially made tire 
tube) is placed in the case, the tire is assembled on the rim and 
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wrapped spirally with a bandage of sheeting or light duck about 
three inches wide. Next the air bag is inflated to 40 or 50 pounds 
pressure, and the tire is placed in the heater and cured, the period 
of curing depending upon the size of the repair, varying from 30 
minutes to one hour and at pressures of steam varying from 40 to 



Tig, 446. — Comer of Typical Repair Shop, Showing Practical Applica^ 
tion of Vulcanizer on Both Tube and Casing Work. Notice Inser- 
tion of Air Bag in Casing Before Putting Same in Sectional Mold. 


50 pounds. In curing special care must be taken and in this pro- 
cess many inexperienced operators make error. If a casing is cured 
too long the rubber will be too hard and will lose resiliency or life , 
while if the curing process is hastened and the tire is not properly 
heated, the rubber will be soft and repair unsatisfactory. After 
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removing the tires from tlie heater tliey are allowed to cool about 
30 niiniites, tlien unwrapped and hung up foi a day or two to sfet. 
Steam at a pressure of 40 pounds has a temperature of about 250 
degrees Fahrenheit and is the heat commonly used in curing rubber. 

Dry Cure Methods. — There are two systems of vulcanizing 
when making sectional repairs or retreading, that best adapted for 
general use being the dry cure system in which the desired pressure 
for vulcanization is secured with pads instead of w*ith an air bag 
and where the tire is cured by the application of heated elements 
rather than wrapping it and placing it in a steam oven. A num- 
ber of molds used in the dry cure system and sold for use with the 
Haywood vulcanizer have been previously described and illustrated 
in connection with that outfit at Fig. 430. Additional appliances 
are shown at Fig. 448. That at A is known as an inside patch or 
relining mold and may be used in relining, patching or for drying 
out the interior of a casing before a reenforceinent is started. On 
blow-out work, especially of the larger and more difficult class, it 
is often necessary to apply two or three layers on the inside of a 
tire, and although considerable heat is conducted from the outside 
mold it is well to give the repair a tw’cnty minute cure on the in- 
side whieli is Ixvst accomplished with the form of mold sliowui at A. 

Solid pads and clamps are used in connection with the various 
types of Haywood molds for obtaining pressure on the curing stock. 
These pads conform to the curvature of the mold on which they 
are used. There are a number of advantages given for the pad and 
clamp system, over the air bag system. It is said that the properly 
built pads last indefinitely, wdiereas the air bags have a definite life 
and are subject to tlie uncertainty incidental to the use of pneu- 
matic appliances With a solid pad on one side of a repair and a 
substantial accurately macliined mold on the other and with three 
to five heavy iron clamps drawing the two together it is possible 
to exert more pressure on the curing stock than by any other sys- 
tem and pressure is considered an essential to good work. The paid 
and clamp system is simple and easy to operate and there is nothing 
in its operation that calls for skilled labor. It not only produces 
considerable pressure on a repair but also localizes the heat to the 
portion being repaired. 
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rig. 447. — ^Use of the Shaler Automatic Vulcanlzer iH Making Sectional 
Bepair on Outer Casings. 
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The ihethod of using the pressure pad in making a repair on a 
defective tire bead is shown at Fig. 448, B. The side wall and bead 
mold is shown at C, while the appearance of a repaired portion of 
a casing having a long rim cut and blown side w^all is shown at D. 
Retreading may be also easily accomplished by the dry cure method. 
The appearance of a tire needing retreading is clearly shown at 
Pig. 449, A. This is only practical if the layers of fabric are in 
good condition. The old tread is stripped off as preAiously de- 
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Fig. 448. — ^Molds for tJse ■with Dry Cnio Process of Vtilcaiiizlag. 




Fig. 449. — Showing Molds, damps and Pad Used for Retreading a Tire 
toy the Dry Cure Process. 
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scribed and the new tread cemented on and vulcanized by the use 
of a retreading mold w hich is shown at Fig. 449, F. The retread- 
ing molds are 26 to 28 ineiies in length and heat approximately one- 
third of the circuiiiferenee of the tire at one time. The molds are 
hollow, allowing steam circulation from one (‘ud to the opposite and 
have an opening at the lowest point to exhaus. the products of con- 
densation. The sectional view of the mold with the clamp and cas- 
ing in place shown at Fig. 441), B, shows the construction of the 
mold and the method of ajiplying the new tread very clearly. The 
apx>earance of a retreaded tire after the new tread has been cured 
on is clearly shown at D. Sectional molds, winch are the forms 
pre\ioiisly described are simply short retreading vulcanizers. They 
are used for curing tlie tread portions vhere the injured section 
IS not long enough to call for the use of tlie retreading mold shown 
at C. Sectional molds are the forms to mse for surface cuts, sand- 
blisters, stone bruises, short patches of loose tread and other de- 
fects confined to a siieeific area of the tire. 

Reconstructed Tires. — A new method of tire salvage has been 
recently devised by vliieli tvo old casings may be combined to form 
a new casing, this being especially desirable when one of the cas- 
ings has a good bead but a poor tread w'hile the other one may have 
i\ good tread but be dcfeetne at the bead. This process is called 
reconstruction to distinguisli it from retreading as it consists of 
stitehiiig the two tires together in such a way that they cannot 
separate, using the one with tlie best bead for the inside member. 
The entire feature of the repair lies in the stitching process, and as 
tins is not an easy one a number of firms are m existence which 
have special machinery for doing this work. Sometimes the pro- 
cess includes adding a special layer of calendered fabric to the 
surface of the inner tire. Another process includes the addition 
outside of tlie second tire of a non-skid surface composed of steel 
studs fastened into a special fabric, this being firmly cemented to 
the casing. 

The appearance of reconstructed tires is showm at Fig, 450. In 
one process the procedure is substantially as follows: the cover is 
first subjected to examination and if found satisfactory for repair- 
ing is transferred to the stripping machine which strips the whole 
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of the remains of the old rubber tread from the canvas base. Any 
cuts, bruises or bursts are then cut clean and built up with fresh 
fabric and rubber and the cover is then treated to a process that 
forces a rubber compound under heavy pressure into the spaces 
between the layers of canvas where movement between them has 
produced separation. To the whole of the inside of the cover one 
or two layers of specially prepared canvas are applied, the cover 




I Fig, 450. — Method of Combining Worn Tires and New Materia^ 
duce a Beconstructed Casing Capable of Giving Consider|^ 

< tional Service. 

being put into a special sewing machine which covers it ^th a net- 
work of stitching which runs through the e:i^ire carcalif this re- 
ducing the internal movement of the layers rllative to each other 
to a minimum. A final lining of friction canvas is attached to the 
inside over the stitching. The stitching and treatment up to this 
point form the basis of the patent which protects the manufac- 
turers repairing by this process. The illustration at A indicates 
the stitching of the inner cover before the outer cover is applied. 
The view at B shows the completed unit with the other tread in 
place and fastened to the inner cover. In this view A indicates 
the old cover with its tread removed, B, the cross sewing, C, the 
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joinijig rubjber, D, the new tread, E, dark rubber forming the new 
tread, P, light rubber and canvas forming the base of the new 
tread. After the cover has been stitched as shown at Fig. 450, A, 
the next stage is to treat it to a generous layer of rubber compound 
on the outer side and the prepared jointless tread is carefully fixed 
in place. The cover is then filled with molds wliieh are hammered 
into place to stretch the cover base into its original shape and ap- 
proximating as near as possible the shape it assumes under working 
inflation pressure. The next process is the wrapping and binding 
of the cover. This is then followed by treatment in a vulcanizer 
from whence it emerges with the tread attaclied to the original can- 
vas base by a thick layer of resilient black rubber. It is said that 
the life of a reconstructed tire is often equal to that of a new one 
Tvhereas the cost of reconstruction is but 50% of that of new tires 
in most cases. 

Eepairing Punctures with Mechanical Plugs. — Repairmen who 
have had experience in bicycle work are thoroughly familiar with 
the advantages as well as the limitations of the screw down plug 
which has been widely sold for repairing single tube bicycle tires. 
A modification of this form of plug has been introduced for use 
on inner tubes and has the advantage of being very easily handled 
though its use is limited to the repair of small punctures. The plug 
itself consists of two threaded discs of metal which are firmly vul- 
canized in a surrounding mushroom shaped mass of rubber. The 
lower one of these has a stem attached to it on which the upper 
head is threaded. The plug is clearly shown at Pig. 451. For 
motorist’s use these are sold as a kit with a set of special pliers to 
facilitate manipulation. The first operation after the puncture is 
located is to use the conical punch end or cutter as indicated at C, 
which makes a smooth round hole that is not apt to tear. The next 
operation is to stretch the hole as shown at D in order to permit 
the insertion of the lower portion of the plug. After this is in 
place the upper part is kept from turning as shown at Fig. 451, E, 
by pressure of a finger, while the lower portion is brought tightly 
to bear against the inner tube which is sandwiched between the two 
parts of the plug by turning the bent part of the stem which acts as 
a lever and makes possible the secure retention of the inner tube 
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Fig. 451. — How Inner Tube Punctures be Eepaired with 

Sampson Mechanical Bepair Plug. 


between the upper and. lower portions of the plug. After these 
parts have been tightly screwed together, the projecting end of 
the threaded stenl is broken off or cut with the pliers and if any 
projects it is smoothed down with a file. In order to prevent the 
plug cutting through as would be the case with metal plugs the 
edges of the rubber pieces are very flexible and soft which, of 
course, prevents them cutting into the inner tube. 
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AIR PRESSURE AND CARRYING CAPACITY PER WHEEL OF 
STANDARD SIZEI> PNEUMATIC TIRES 

For weights in excess of 1,000 pounds per wheel, 5*inch tires or larger 
ai e recoiimiended a 


I 

Size, 

Inches 

SINGLE 

DUAL 

1 Extreme Load 

per Wheel, 

1 Pounds 

1 .... 

Air Pressure 
Recommended, 
Pounds 

Extreme Weigrht 
per Wheel, 
Pounds 

28 to 36x2i 

225 

1 

1 40 


28 to 36x3 

350 

50 


28x3J 

400 

60 


30x3J 

450 

60 


32x3i 

, 550 

60 


34 and 36x3i^ 

600 

60 


30x4 

550 

75 


32x4 

650 

75 


34x4 

700 

75 


36x4 

750 

75 

1200 

32x4J 

700 

85 


S4x4i 

900 

85 


36x4i 

1000 

85 

1350 

36x5 

1250 

90 

1500 

38x54 

1350 

90 

2000 

40x6 

1500 

90 



INCREASE IN AIR IRIESSI RES CAUSED BY DRIVING 

The figures given bv tne inanufaciuieiH as the most suitable for initial 
inflation geneially take into account the inciease in tempeiatiue and pressure 
created by pioloiiged running. It, however, is useful to know what this 
increase is. The figures in the following table are given by a French 
authonty and are averages computed on tires from 3 to inches diameter 
under usual touring car weight and speed conditions Foi largei tires the 
increasi:' is greater on account of the gi eater rigiditv of the cover walls, re- 
sulting in greater inb'rnal strains in tlie fabric at the points of bending. 


Initial Pressure in Tire, 
Cold. 

Pounds per Square Inch 

Working: Pressure m Tire, 
Warm. 

Pounds per Square Inch 

1 . . - 

Increase Resulting: from 
Work. 

Pounds per Square Inch 

71 116 

88.183 

17 067 

85 339 

105.750 

20 411 

99 562 

123.646 

23 984 

113.785 

141 920 

28.136 
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MAXIMUM CARRYING CAPACITIES OF SOLID TIRES 


/- 


SINGLE 


Size, 

Inches 

Extreme LKiad 
per Wheel, 
Pounds 

2 

500 

24 

760 

3 

950 

34 

1375 

4 

1750 

5 

2000 

6 

3000 

7 

4000 


TWIN 


Size, 

Inches 

Extreme Load 
per Wheel, 
Pounds 

24 1 

1900 

3 1 

2500 

34 1 

3500 

4 

5000 

5 

6000 

6 

1 8000 


METRIC TIRES AKD THEIR AMERICAN EQUIVALENTS 


Metric Sizes 

1 Approximate Size 
in Inches 

i 

1 Metric Sizes 

i 

Approximate Siz 
in Inches 

650 X 66 

26x2 1/2 


870 X 90 

34x3 1/2 

700 X 66 

28x2 ^ 


910 X 90 

36x3 

750 X 65 

30x2 1/2 


960 X 90 

38x3 Vi, 

800 X 65 

32x2 % 


lOlOx 90 

40x3 14 

830 X 65 

33 X 2 % 


815 X 105 

32x4 

860 X 65 

34x2 Vo 


875 X 105 1 

34x4,. 

700 X 85 ; 

28x3 % 


915x105 

36 X 4 

750 X 85 { 

30x3 1/4 


820x 120 

32 X 

800 X 85 

32x3 % 


850x 120 


860 X 85 

34 X 3 3/4 


880 X 120 


760 X 90 

30x3 Vj 


920 X 120 

- 30x4 1/^-5 

810 X 90 

32x3 1/2 


1020x1,^ , X 

\/40x4 V2~5 

840 X 90 

32x3 Vs 


1080X120 

1 , , j 

42x4 1 / 2-5 



CHAPTER XI 

MISCELLANEOUS REPAIR PROCESSES 

Oxy-acetylcne or Autogenous Welding — Torches for Welding — Sources of 
Gas- — Cost of Autogenous Welding — Instructions for Operating — Welding 
Cast Iron — Method of Preheating — Welding Aluminum — Welding Malle- 
able Iron — Welding Brass and Bronze — General Hints — Treatment of 
Steel, Annealing — Box Annealing — Hardening — Pack Hardening — ^Temper- 
ing — Case Hardening — ^Distinguishing Steel from Iron — ^Hardening Steel 
Tools — Temperatures for Tempering — Molten Metals to Produce Desired 
Heat — ^Working Iron and Steel — Annealing Chilled Cast Iron — Bending 
Pipe and Tubing — Filling the Tubing — Pipe Bending Fixture — Straighten- 
ing Out Bent Fenders — Removing Dents in Tanks — Soldering and Braz- 
ing Processes — Fluxes for Soldering — Solders and Spelter for Different 
Purposes — Lead Burning — Soldering Aluminum — How to Braze Iron and 
Steel — Testing Lubricating Oils — Evils of Exhausting in Closed Shop- 
Instructions for Repairing Storage Battery — Care of Grinding Wheels— 
Speeds for Grinding Wheels — Grading of Grinding Wheels. 

Many men are engaged in the automobile repair business who 
have been specialists in some particular branch of mechanical work 
before becoming interested in the automobile. Wood workers, 
blacksmiths and carriage smiths are especially noted owing to the 
decrease in carriage and wagon work and increase in automobile 
repairing. The review of various mechanical processes which fol- 
lows cannot fail to be of value to all those not thoroughly familiar 
with all branches of mechanical work. Even the automobile me- 
chanic will find the material useful for review. 

Autogenous Welding. — Autogenous welding is the process of 
uniting metal surfaces by heat without the aid of solder or compres- 
sion, High temperature, full control and easy application of the 
heat are necessary requisities. The most satisfactory method V 
termed the oxy-acetylene process, the flame having a temperatuiye 

887 
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about 6300' (degrees Fahrenheit By this process iron, steel, cast 
i^on, aluminum, brass, copper, platinum and other metals may be 
so perfectly united as to defy detection when the joint is smoothed. 
Its uses include the following: Reclaiming light and heavy castings 
coming from the sand with blow holes, sand holes, cold shuts and 
lugs off; reclaiming light or heavy cracked or broken aluminum, 
adding metal to parts subjected to friction ; repairing large or small 
frame members in place, welding in new parts or filling in cracks ; 
welding split piping or flanges on pipes, reclaiming imperfect steel 
eastings; extending short shafting, adding small metal parts broken 
off or missing and renewing teeth broken from gear wheels. This 
process is of inestimable benefit to the automobile repairman and 
every first class mechanic should have experience in handling the 
welding torch. Its uses in the repair shop are legion. 

The operation of cutting steel or iron is by heating the metal 
at the first point of contact to the red with the ordinary welding 
flame. This flame is then continued with a jet of pure oxygen 
turned on, w^hich unites with the carbon of tlie metal and disin- 
tegrates it with surprising rapidity. The cut is narrow and smooth, 
with no material damage by oxidation. It may be made in any 
shape, and the process will be found especially valuable in ^^king 
many kinds of dies and in fitting steel plates. Steel in 

structural work, steel arches, steel boilers, steel piling, sl^^pd^deck 
plates for steamships and the hardest sted vaults may with 

ease. The secret of the process lies in the high tein^Srahife of 
the flame, which increas(\s the temperature of the metal so rapidly 
that very little heat is diffused into the body of the part, most of 
it therefore being available for fusion. number of heat units 

actually absorbed by tlie metal is a very small fraction of that 
required to bring the same part to a brazing heat wuth the ordinary 
gas or oil blowpipe, and very little if any w^arping takes place. 

One of the first points to be understood when considering the 
use of autogenous welding is that the heat actually has to come in 
contact with every particle of metal welded. It is impossible to 
weld by this method where tliis cannot be done. If a small boss is 
required on a given casting, it is useless to cut out a disc of metal 
the same size of the boss with the idea of welding it on. The cor- 
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rect way would be to add metal drop by drop^ until the I'equired 
size is reached. The torch is the most imp( rtant factor in auto- 
genous welding and cutting. The type generally admitted to be 
of the best construction consists of two small pipes or conduits 
terminating at one end with hose connections, the other entering 
a recess head that receives the torch tips. The pipe for acetylene 
is screwed into a cylinder about one and one-half inches in diameter, 
which serves for a handle, and is packed in porous material that 
prevents the possibility of communicating a flame beyond that 
point. 

Torches for Welding. — It is not generally known that three 
distinct types of torclies have been invented for oxy-acetylene weld- 
ing. These are termed respectively low, medium and high pres- 
sure, taking their name from the relative pressure under which the 
acetylene is used. The high pressure torch was never introduced 
into this country owing to certain disadvantages, finally causing 
the medium pressure torch to be brought out. The low pressure 
torch was invented by Edmond Fouche, and its principle is based 
on that of the injector, the acetylene being drawn by suction pro- 
duced by the flow of oxygen, which is under pressure. The acety- 
lene is brought to the torch under a pressure of a few ounces per 
square inch only. The flow of oxygen is regulated by the area of 
a nozzle and by its pressure so that the correct proportion of acety- 
lene is sucked in. The mixture then passes out at the burner or tip 
of the torch. 

The size of the orifice in this tip is of great importance, as it 
controls the resistance in the mixing chamber to the flow of oxygen, 
and therefore controls the proportion of the two gases. As is well 
known, the amount of fluid sucked by an injector is proportional 
to the square of tlie velocity of the propelling fluid. It is therefore 
essential that the flow of oxygen should not vary or the proportion 
of acetylene would not be constant. For the low pressure torch 
this proportion is 1 7 oxygen to 1.0 of acetylene by volume, at at- 
mospheric pressure and any variation in either direction will pro- 
duce either an oxidizing or carbonizing flame. The flame should, 
therefore, be carefully watched as the orifice in the tip may be ex- 
panded by the heat being deflected onto the torch, or it may be 
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Gontrmted by particles of metal adhering to the tip, thus changing 
the^ mixture. Owing to the fine adjustment of the injector parts, 
these torches are often made without any means of varying the 
size of the flame, it being necessary to disconnect the torch from 
the hose and substitute another one, when it is desired to do this, 
a number of torches being required if it is necessary to weld on 
all classes of work. Owing to the low^ pressure, the speed of the 
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issuing mixture is very little e,bove the speed oi the propagation 
of the flame and ‘^back fires frequently Ooeur, the gas ha8i:heii 
to be turned off, lighted again and the mixture readjusted. The" 
ordinary acetylene lighting generator supplies gas at a pressure 
suitable for use with this torch. 

In the medium pressure torch, both the acetylene and oxygen 
are under an appreciable pressure, which results in a constant mix- 
ture under all conditions, the proportion being 1.00 of acetylene to 
1.3 of oxygen. The mixture is regulated by holes at the inner end 
of the detachable tip, and is not affected by any variation at the 
outer orifice. The pressure of each gas is kept constant as required 
by adjustable reducing valves in the pipe lines. The speed of the 
gas is greater than in the low pressure torch and back firing is prac- 
tically eliminated. If tlie flame goes out, it can be relighted with- 
out altering the gas adjustment. 

Sources of Gas. — The source of oxygen and acetylene gas sup- 
ply is a question w^hich requires careful consideration for each in- 
dividual case separately. It can either be generated at the plant, or 
can be shipped in steel cylinders from one of the several companies 
who are generating and compressing it. 

The points to be considered are : 

1. The transportation charges for the compressed gas and cost 
of the cylinders. 

2. The quantity of gas used and, therefore, the number of cylin- 
dei’s that would be required to contain it. 

3. The regularity of the consumption, depending on the regu- 
larity of the work, and also of its size. 

4. The cost of generating the oxygen at the plant. 

The first depends upon the locality and shipping facilities, as 
well as in the quantity of gas that will be used. The second also 
depends on the first, with the consideration that the cost of cylin- 
ders might equal or exceed the cost of the generating plant. 

The third ni%ht necessitate the generation of oxygen at the 
plant, anyway, particularly if repairs were the principal work 
carried out as unless the supply of work were regular and aU of 
small size, one could not depend on keeping a sufficient supply of 
oxygen on hand, and this class of work is generally required im- 




rig. 453. Torch for Autogenous WelfUiig Tips for Same at A. Pre^ 
heating Torch at B. Portable W«i4iag Outfit on Wheeled Truck 
Shown at Bottom of the 


work done wonid be sufficient to warrant the installation of 
an oxygen generating plant using the usual mixture of chlorate of 
potash and manganese dioxide. The acetylene gas may be readily 
obtained through the almost universal Presto-lite service and oxy- 
gen cylinders are also easily available. 

The matter of cost of welding by the oxy-acetylene process de- 
pends upon many factors, and estimates can only be given by the 
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repairman after he has had considerable exp rience with the pro- 
cess. Some work requires preheating and careful manipulation, 
some must be clamped to pre\ent distortion, in such eases the cost 
of the Jig or fixture is ai)t to cost more than the weMing. 


CAPACITY OF CYLTXDER.‘> 

All cylinders are charged at 150 lbs, piessure 


Diameter 

Inches ! 

1 

Lengrth, 

Inches 

Capacity, 

1 Cubic Feet i 

WeiRht, 

Pounds 

7 

24 

50 

50 

8 1 

30 

80 

75 

10 ! 

30 

125 

105 

12 ; 

1 36 

225 

120 

14 1 

i 48 

400 

349 

16 

48 

1 500 

1 435 


The follo\Miig table gives an approximate idea of tin' cost of 
welding under the conditions stated : 


APPROXIMATE COST OF OXY-ACETYLKNE ^\ ELDINT} 

0\;vgen at three cents Acetylene at one cent per cubic foot Labor at 

30 cents pei hour 


Tip 

No 

Thickness 
of Metal 

Consump- 
tion of 
Acetylene 
per Hour 

Consump- 
tion of 
Oxyffen 
per Hour 

Linear 
Feet 
Welded 
per Hour 

Cost of 
Labor 
per Hour 

Total 

Cost 

per Hour 

Cost per 
Linear 
Foot 

1 

to 

Feet 

2 8 

Feet 

3 6 

Feet 

50 

Cents 

30 

$0 43 

$0 008 

2 

* “ Vl 

4 5 

5 7 

30 

30 

0 51 

0 017 

3 

“ i 

7 5 

9 7 

25 

30 

0 66 

0 026 

4 

4 ** 1 

11 7 

15 0 i 

16 

30 

0 86 • 

0 045 

5 

i “ 

18 0 

23 0 

10 

30 

1 17 

0 117 

6 

A “ 

25 0 

32 0 

7 

30 

1 51 

0 216 

7 

tV * * 1 

32 6 

41 5 

5 

30 

1 87 i 

0 374 

8 

i upward 

48.5 

1 

62.0 1 



2 64 

. .. 


Instructions for Operating. — Tlie following instructions are 
taken from the literature of the Welding Apparatus Company of 
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T<4edo, Ohio, and while intended to apply to the Monarch '' 
welding outfits manufactured by this concern, the processes may 
be followed with almost any of the garage type welding outfits 
offered by reputable manufacturers. 

1. See that all gas connections are tight, using soap suds to 
discover leaks, if any. 

2. Upper side of torch is for oxygen. Acetylene connection 
should be made to lower side of large handle. 

3. When all connected up ready to light torch, turn regulators 
out, so there is no tension on spring and they are closed. Then 
turn both tank valves open full. Open both valves on torch one 
full turn or more ; turn on acetylene slightly and light at tip ; then 
turn on more until blaze has left tip slightly ; then turn on oxygen 
same way until small white inner cone is formed in blaze. If 
blaze pops and goes out this denotes that not enough acetylene, or 
too much oxygen, is being used. The flame should have a small 
inner cone from ^ inch to ^ inch in length with an outside flame 
of larger proportions. 

4. Welding should be done at the end of the small whit^ljone, 

5. In case there is a faint outline of a larger cone, the 

tap should be closed slightly, which will bring this coujytolil^TOside 
the small white cone, producing a neutral flame pr9fe^^or a suc- 
cessful welding. (Opening oxygen will give sai|#^^ult.) 

6. Blow pipes are adjusted for the proper working conditions 
^ and no sharp instruments should be used to^ dean out the welding 

tips. 

7. Practice should begin on lighter Actions of metal and grad- 
ually work up to the welding of the heavier sections. * 

8. When working on heavy work, water should be provided in 
which to cool the welding tips. Leave the oxygen tap open to ex- 
pel steam formed. Do not plunge, but dip several times to grad- 
ually direct the heat to the tip. Otherwise you may crack the 
welding head. 

Welding Cast Iron. — In welding cast iron, such as automobile 
cylinders and machinery parts of sidnilar character, it is necessary 
to preheat the part which is to be welded to a temperature which 
is slightly below a dull red heat, if there are no parts that will be 
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i*ig. 464. — ^Illustrating Various Stops m Autogenous Welding Operation, 
Sach as Preparation of Work and Manipulation of Torch. A — 
Method of Holding Crankshaft When Welding Broken Weh. B — 
Porms of Grooves for Welding Various Thicknesses of Stock. 

0 — Showing Method of Attaching Eeducing Valve to Gas Tank. 

D — Method of Using Welding Bod. E — Showing Path of Torch Tip. 

F — ^Pilling a Hole by the Autogenous Welding Process. 

injured by such heat. This heat should be applied gradually and 
when the whole object has been sufficiently preheated, the welding 
can be done* There are two reasons for preheating. First, to save 
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Pig. 466. — Illustrating Principal Cylinder Defects that May he Eeadily 
Repaired by Autogenous Welding Process. 


gas, and second, to relieve strains, due to uneven expansion and 
contraction of the part being welded. Great care should also be 
used to see that all castings cool slowly after welding, as many a 
good weld has been spoiled by too rapid cooling. A box of lime 
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or ashes should be provided in which to bury the casting so it will 
cool slowly. 

Method of Preheating. — Where city gas of some kind, together 
with compressed air, are both obtainable in the shop we recommend 
very highly a preheating blow pipe using this fuel. It makes an 
ideal outfit and in fact will be found just as^ efficient as the other 
preheaters herein shown, and will answer any and all purposes 



Pig. 466. — Examples of Defective Cylinders that Were Eepaired by 
Autogenous Process. Cylinder Flange at the Left was Eepaired at a 
Cost of $7.50; Cracked Crown and Water Jacket at the Eight Ee- 
paired at a Cost of $12, 


to which the oil burning preheaters might be applied. Of course, 
where fuel gas and air are not both obtainable in one shop we 
recommend the oil burning outfit shown, although they are slightly 
higher in price, but, as stated al>ove, where the shop is so situated 
as to be fortunate enough to have both compressed air and fuel 
gas of some kind the gas preheating torch will be found to be very 
satisfactory, as the first cost, and also the cost of maintenance, is 
low. The furnace or muffle is then built of fire brick to a suitable 




"898 Automobile Repairing Made Easy 

size for the particular part we are 4 ibout to weld, A removable 
cover is used of asbestos board or sheet metal. ^ 

After the welding has been done, the object should be heated 
a^ain in a similar manner as the preheating was done and theti' 
allowed to cool off slowly in the muffle. This is necessary to prevei|t 
cracking due to the local expansion and contraction, caused by ttfe 
local heat of the welding flame. This method is also useful iu 
obtaining a softness of the material in the w^eld. This method 6i 
handling welding of east iron will prove a saving of from 30 to 
50% of the cost of gases used for welding. There is nothing 
particularly difficult in the handling of the wielding flame in con- 
nection with welding cast iron, but it should be borne in mind in^' 
welding of heavy sections, that the fractured portions should be 
tapered out in order that the welding can be commenced at the 
center of the section, building up as the wielding proceeds. A flux 
is necessary for use in welding cast iron and will be found to make 
the metal flow more readily and at the same time, flux out the sand, 
dirt, grease, etc. Be sure that the sides of the fracture are in 
molten condition before filling material is added. 

Welding Aluminum. — The wielding of aluminum requires con- 
siderable skill and experience before successful work can be ex- 
pected on intricate parts. The manner of making the w^ld is ||igbtly 
different from that used wdth welding of cast iron, tlie 

fact, that when aluminum is heated, an oxide film is forme!l7 which 
prevents the metal running together and A suitable weld. 

To overcome this, the aluminum filling rods niust be inserted into 
the molten aluminum, which is being welj^, and moved about 
rapidly, something similar to puddling, in order to break up this 
oxide film and allow the aluminum to run together. A flux has 
also proven of advantage in this connection, where before, practi- 
cally all of this work was done without the use of a flux. A larger 
tip is necessary for welding a section of aluminum than would be 
required for the same section of steel or cast iron. This is due to 
the fact that aluminum conducts heat away very rapidly. With 
the proper size tip in use, it is necessary to melt a considerable 
portion of aluminum, which is being held in shape by the fire clay 
form. Now the extra metal can be added from the filling rod and 
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t \ I 

stirred or puddled with this ^ to break the oxide film whieh forma 
■wifen aluminum is melted. A flux has been provided for use in 
this connection and will be found very valuable for breaking up 
'the film In fact, by using this flux, bosses can readily be built 
^ at any desired point. This is something that could not be 
dbne before a flux for welding aluminum capie into general use. 

All precautions should be taken to have the work securely 
listened or harnessed, for instance, when welding a hole in the 



Pig. 457. — ^Example of a Broken Crank Case Eepaired by Autogenous 
Welding Process at a Cost of $35. 


side of a crank case, it is customary to damp a shaft, which ap- 
proximates the size of the bearings (plus, of course, the thickne^ 
of the cast metal bearings, which would melt out when preheating,) 
into the crank case bearing supports, in order to insure perfect 
alignment of the bearings. Angle irons are bolted to the flanges 
where connection is made to the other half of the crank case in 
order to insure perfect alignment of this part. 
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It is good practice to place a sheet of paper on the inside of 
case next to the crack to be welded. This paper prevents the 
fire clay from getting into the crack. Upon this is placed fire clay 
in plastic condition which is held in place by means of asbestos 
fiber. This makes a light backing or mold for the case and can 
be easily handled without fear of the mold or core being so heavy 
as to break down the case when heated for welding. This mold 
should be large enough to cover sufficient area around the crack 
so that the aluminum will not break down. 

Aluminum parts must always be preheated and handled in a 
similar manner as automobile cylinders, as outlined before, with 
the exception that aluminum, of course, should not be heated to 
such a high temperature, on account of the fact that within 50 
degrees C. of the melting point, the metal is very brittle and 
without strength. It is customary to heat up these cases thoroughly 
until they will melt half and half solder in wire form. This tem- 
perature is about right to prevent cracking occurring on account 
of expansion and contraction and at the same time, the aluminum 
will possess sufficient strength so that with ordinary handling no 
trouble is experienced with alignment or failure of the part. 

Welding Malleable Iron. — Parts of malleable iron are handled 
in much the same manner as cast iron parts in preparati^ti 
welding. It is customary to re-enforce the malleable 
much as possible by building up the section at the fractlire. The 
filling material used is usually nickel steel in the bottom of the 
weld, finishing the top surface with cast iroii^pd. The latter 
runs better and makes a smoother finish. 

In some instances you may find that the fracture will be through 
a tapped opening, in which case, it will be necessary to cape this 
portion out entirely, making a much larger opening than the hole 
itself and then filling this with cast iron, using the same precaution 
in welding cast iron to have this portion soft. Wherever the union 
is made between filling material psed and the malleable iron, you 
will find this so hard that it will be impossible to drill or machine 
in any way except by grinding. 

In some cases in making repairs on malleable iron parts, it is 
even necessary to strap these parts by means of wrought iron or 
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st^l firtmps welded to the body of the casting. In any event, bear 
in tnin4 that the heat necessary to melt the malleable iron will 
destroy the properties of the malleable iron, which were put into 
the^.part when annealed in the furnace. Consequently it is nee- 
esssary to use a stronger filling rod and increase the section. 



458. — Examples of Repairs Accomplished by Autogenous Weld- 
ing Process, A — Cracked Water Jacket Restored at a Cost of $6.60. 

B — New Metal Applied to Replace Broken Teeth on Transmission 
Gear at Cost of $1.50. C — Cylinder Water Jacket Repair Costing 
$12. I) — How Worn Keyway on Steering Sector was Pilled with 
New Metal for Recutting at Cost of $1.25. E — ^How Worn Special 
Steel Bushing was Restored to Efficiency by FiUing Grooves with 
Metal at Cost of $1.25. 

Welding Brass and Bronze. — The preparation of brass and 
bronze castings for welding is similar to that for cast iron castings. 
The fracture must be caped out so that the welding can start at 
the center, the groove being filled with metal melted from filling 
rod. The filling rod should be of approximately the same mixture 
as ihe part to be welded. Brass should never be used as filling 
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material for bronze eastings, and a strong weld expected. Pow- 
dered borax or boric acid may be used as a flux. A mixture of 
borax and boric acid gives good results. In welding brass or 
bronze the work is carried out as for welding cast iron. The mbtal 
surrounding the groove is melted and the filling material added, 
drop by drop, as it is melted from the rod. Be sure the metal of 
the casting is in a molten condition, otherwise an imperfect weld 
will result. Brass welds can be easily spoiled by burning the zinc 
out of the composition. Care should be taken not to heat beyond 
the melting point. Flux should be used freely. If the welded 
portion has been burned, it will be exceedingly porous. 

General Hints. — Be sure the welding flame is neutral. Be sure 
the part to be wielded is set up properly. A poor set up may spoil 
the best weld for practical use. Proper heat treatment before and 
after welding is as important as good welding, when intricate cast- 
ings, such as cylinders and crank cases are being repaired. Avoid 
hard spots in cast iron welds by prelieatine: before and annealing 
afterward. Take care in using sufficient heat in welding and do not 
make tlie union betw^een casting and filling material too sharp and 
defined. Do not allow drops of metal to fall on partially molten 
metal. Use the best grade of filling material. The best none 
too good when all the expense of the repair may be lost, 
weld. When preheating aluminum castings for w^eldin^w ijpit at- 
tempt to heat in one place only. Keep the burner moving lo spread 
the heat uniformly. In welding steel be careful that the metal above ^ 
the weld does not w eld together and leave a space that is not welded. 
A shaped groove will prevent thisi^ The accompanying illus- 
trations show clearly the apparatus and%iethod of manipulating 
the torch in doing various classes of repair work, also some typical 
automobile parts that can be saved by the welding process and cost 
of accomplishing the work. The photographs of automobile parts 
were furnished by Henry Cave, of The Welding Company, Spring- 
field, Mass., one of the leading authorities on this subject. 

Treatment of Steel, Annealing. — Many varieties of steel are 
hard when the process of manufacture, especially if rolling or 
hammering is involved, is completed, these being principally tool 
and special metals. In order that they may be worked without 



Heat Treatment of Steel 908 

too much trouble by ordinary machine tools it is imperative that 
they be soft, and this condition is obtained by a process known as 
annealing. While steel can usually be bought annealed cheaper 
than it can be treated at the factory or shop where it is to be 
machined, sometimes conditions materialize that make it necessary 
to anneal metal to facilitate work and to reduce Stresses upon the 
machine which completes the finished product. This process not 
only makes the steel softer, but also removes the internal strains, or 
the tendency of the metal to crack and spring when hardened. 
The strains are caused by the rolling or hammering processes in 
the steel mill or forge shop. When the metal is a forging or blank 
of nearly finished size, it is customary to remove part of the sur- 
face by taking several rough cuts, after which the piece is ready 
for annealing. In order to soften steel it is necessary to heat it to 
a uniform red heat and allow it to cool slowly, which process can 
be carried on by several methods. 

Box Annealing. — The method commonly followed when the 
pieces arc of large size is knowm as box annealing, and for this 
treatment it is necessary to have an iron box and furnace of suffi- 
cient capacity, as it must be obvious that to do this work in a man- 
ner commercially practicable it will be essential to treat a consid- 
erable quantity at the same time. These are placed in the contain- 
erlmd packed in wood charcoal which has been ground or pounded 
into small pieces. A layer of this material is first placed on the 
bottom of the box to a depth of an inch, and then follow^s a layer 
of the steel, then another layer of charcoal, then more steel and 
so on. 

The pieces of metal should not come w^ithin a one-half inch of 
each other or wdthin an inch of the walls of the container at any 
point, and the spaces should be filled with charcoal, the metal being 
covered with another layer of packing material about an inch in 
depth. This method of packing is repeated until the box is fiUecJ, 
care being taken that all pieces do not touch each other or the 
iron walls. A tight-fitting cover is then applied and the seams are 
sealed, to exclude the direct heat of the furnace, by fire-clay. 
Several test wires are placed through the top of the box, which 
are withdrawn from time to time to see if the contents are of the 
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proper temperature. Tlie heat should be maintained a sufficient 
length of time to insure a uniform temperature, and the color of 
the pieces should not be allowed to go over a full red. After the 
box and contents have been maintained at the desired temperature 
for the proper length of time, the heat is shut off and the whole 
allowed to cool slowly, the metal being left m the container until 
cold. 

Two Simple Methods. — Often in shops there are no facilities 
for box annealing and other methods may be used, though the 



l*ig. 469. — Examples of Heat Treating Furnaces. A — Hardening Fur- 
nace. B — Lead Pot Furnace for Xemperixig; O — Carburizing or 
Case Hardening Muffle 


work is not so uniform as by the treatment previously described. 
In one of these, the metal to be treated is heated in a forge or fur- 
nace until a uniform red, and then placed on a |>iece of board in 
an iron box, the wood resting upon a bed of ashes several inches 
deep. A second piece of board is placed on the pieces, and the 
whole covered with ashes. The pieces of wood will smoulder and 
maintain the metal at a high temperature for some time. Another 
common method of annealing is to heat the pieces to a red heat and 
merely bury them in ashes, which is apt to give unsatisfactory re- 
sults unless the ashes are also heated which can be easily accom- 
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plished by burying a large piece of heated iron in the annealing 
box. When the steel has been sufficiently raised in temperature thi^ 
piece of iron is removed and the steel part buried in its place. 
The whole secret of successful annealing is to gradually heat and 
cool the metal to be treated ; and the more gi^adually and uniformly 
the temperature rises and fails, the better the character of the 
work. 

Hardening. — After the parts have been machined the finished 
or nearly finished size, approved practice is further heat treatment 
to either toughen or harden the steel. The amount and character 
of treatment depend largely upon tlie use for which the piece is 
intended and tlie composition of tlie material. Steel may be hard- 
ened by several processes, tlie most common of which is raising it 
to a low red heat or dull cherry red and plunging it in some cool- 
ing medium such as water, brine or oil, or by case hardening, which 
merely acts on the surface of the metal. 

Steel sliould never be heated to a temperature greater than re- 
quired to give the desired result, and the degree varies with the com- 
position of the steel as relates to the carbon content, the size and 
shape of the piece and the purpose for which it is to be used. Much 
depends upon heating uniformly , the edges and corners should be 
no hotte^r than the center and the interior should be of the same 
te||perature as the surface. If this precaution is not taken the 
metal may crack in the cooling bath, because uneven changes take 
place in the molecular structure. If heated in an ordinary forge 
be sure that no air from the blast strikes it, which will prevent uni- 
form heating. When uniformly heated it should be plunged in a 
bath to give it proper hardness. It must be worked up and down 
rapidly in the bath to prevent the film of steam forming, w^hich 
w^ould surround it if kept in one position and prevent proper con- 
tact with the cooling fluid. If the piece is long and slender it must 
be moved up and down, but if short and with teeth on the outer 
edge, as a milling machine cutter it should be agitated rapidly that 
all teeth will be cooled uniformly. If it is flat and has a hole 
through it, the walls of which must be hard, it should be so moved 
that the liquid of the bath passes through the aperture and at the 
same time strikes both faces. Tool steel should always be hardened 
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at a temperature (about 1350 to 1450 degrees) which leaves a fine 
^rain when the piece is broken, which can be determined By hard- 
ening and breaking a small piece from the same bar as the part 
b^ made. A coarse grain denotes a higher temperature than 
is permissible. An excellent bath for hardening small pieces is 
made by dissolving one pound of citric acid crystals in one gallon 
of water. The container should be tightly closed when not in use 
to prevent loss by evaporation. 

HEAT DETERMINATION BY COLOR 


DegrreeB F 

Degrees C 

752 

400 

885 

474 

975 

525 

1077 

581 

1292 

700 

1472 

800 

1662 

900 

1832 

1000 

2012 

1100 

2192 

1200 i 

2372 

1300 : 

2552 

1400 1 

2732 

1500 


Color of Heats 

Red- visible in the dark ) 

Red-visible in twilight. 1 Tempering. 
Red-visible in daylight. ) 

Red-visible in sunlight. I 

Dark red. f Annealing:. 

Dull cherry red. Hardening. 

bS cherry red. } 

Orange red. ) 

Orange yellow. >- Forging. 

Yellow white. ) 

White- welding. ^ 

Brilliant white. 


Pack Hardening. — Pack hardening is the method^^|j^|^lbyed 
with pieces that cannot be treated by the ordinary pjg^gis^ with- 
out risk of springing or cracking them. The art i in 
an iron box with some carbonaceous material and’'^m3||e^ed to the 
action of heat to cause it to absorb enough carbon to enable harden- 
ing in an oil bath. While this treatment is Hot generally used it is 
suitable for a number of different took, Stich as milling cutters and 
taps or dies which must be hardened without altering the diameter 
or pitch. The usual material employed is charred leather which 
is mixed with an equal quantity of wood charcoal, both materials 
being reduced to particles about the size of a pea, or smaller. The 
pieces are placed in a container and packed in the manner as for 
box annealing, and as is the case with that process it is just as cheap 
to treat a number of pieces as it is one, providing the box be of sufS- 
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eient capacity. The pieces should be wired with ojNiinaty iron 
wire of sufficient size to sustain the weight of the piece when 
heated, and one end of the wire should be covered with a luting^ 
of fire elay. Several holes should be drilled in the cover for testt 
wires. 

The box is placed in the furnace and heated sufficiently (about 
1650 to 1700 degrees) to charge the parts with carbon, which varies 
with the character of the parts treated. For instance with a piece 
of one-half inch diameter or under the heat is maintained for about 
one and one-half hours, wiiile pieces from two to three inches in 
diameter must be heated for two and one-half to four hours after 
the parts have become red hot. When the box lias been maintained 
at the required temperature for the correct period, it is removed 
from the furnace and the cover taken off. The parts are then re- 
moved by means of wires attached to them and immersed in a bath 
of raw linseed oil. They should be moved about in the liquid 
until the red has disappeared and are then lowered to the bottom 
and allowed to remain immersed until cold. When a piece of steel 
one inch in diame^ter or larger is hardened, it should be immedi- 
ately reheated over a fire after cooling, to prevent cracking, which 
would be caused by molecular changes which take place after the 
outer surface is hardened and unable to yield to unequal strains. 
Reheating the surface to a temperature of about 212 to 300 degrees 
Fahrenheit will accomplish the desired result without materially 
softening the steel. 

Tempering. — The hardening of a cutting tool makes it too 
brittle to stand up w\dl in use, and consequently it is necessary to 
soften it somewdiat. This operation is known as drawing the 
temper and is accomplished after the part has been quenched by 
reheating to a proper temperature, which is ordinarily determined 
by the color on the surface of the tool, w^hich must be brightened 
previous to this operation. As the metal is raised in temperature 
a light, delicate straw color will appear, and then in order, as deep 
straw, light brown, darker brown, light purple, dark purple, dark 
blue, light blue, blue tinged with green and black. When black 
appears the temper is gone. These colors furnish a guide to the 
temperature and condition of the hardened steel. A table pre- 



HEAt TREATMENT OF HIGH-SPEED STEEL TOOLS 


9 



('oofrilnited by Bttna VUB, UACHmcBT^s Data Sbeot No 117 


































Case Hardening Methods 909 

sen ted herewith gives the color and corresponding temperature at 
which the various tools mentioned are best quenched. When work 
is tempered in large quantities the above method is expensive, and 
is not as reliable as when the articles are heated in a kettle of oil, 
using a thermometer for indicating the temperature. A piece of 
perforated metal is used to keep pieces away from the bottom of 
the kettle, though a wire basket will serve the purpose even better. 
As soon as the parts are raised to the required temperature they 
are quenched to harden. 

Case Hardening. — When an article of wrought iron or low 
carbon steel is to have a hard surface it is not possible to treat it 
by merely quenching, as there is not enough carbon in the steel to 
insure proper hardening. The process of treating such materials 
is known as case hardening and consists of covering the surface 
while red hot vith some material which forms a coating or case 
steel, which can be hardened by quenching, as in previous processes. 
Small parts, such as nuts, bolts, cones, etc., may be case hardened 
by heating red hot and covering with a thin layer of powdered 
cyanide of potassium, and when this melts, the article is again 
heated to a red heat and plunged in water. While the above pro- 
cess is suitable for hardening a few small pieces it is not recom- 
mended for large quantities of work, as the results would not be uni- 
form and the process w^ould be too expensive. If many small pieces 
are to be case hardened at the same time, the}^ may be treated in 
much the same manner as in box annealing. Granulated raw bone, 
and granulated charcoal should be mixed in equal proportions and 
a layer of this mixture placed in an iron hardening box to the depth 
of one or one and one-half inches, A layer of the articles to be 
treated is then placed in this and these are covered with more ma- 
terial, the same care being observed in packing and vdth regard to 
test pieces as with other processes. After the container has been 
sealed it is placed in a hardening furnace and the temperature 
maintained at a point which will keep the pieces at a red heat for 
periods varying with the degree of the surface hardening desired. 
Generally carbon will penetrate the surface of wrought iron or soft 
steel one-eighth inch in 24 hours, but as it is seldom necessary to 
harden any deeper than one-thirty-second inch, the work may be 
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taken out after four or five hours. With small pieces the contents 
may be emptied into a tank through which there is a constant circu- 
lation of water. If great toughness is required, the packing ma- 
terial is sifted out and the pieces immersed in oil. Large pieces 
must be dipped one at a time and can be wired so that they can 
be removed from the hardening box when desired. There has been 
great development of late in scientific heat treatment, though it is 
not within the province of this treatise to discuss these in detail, 
the processes which have been described being those which are of 
particular interest to the practical mechanic or repairman. 

Distinguishing Steel Prom Iron. — While nitric acid has no ef- 
fect upon the brightness of iron, it will produce a black spot on 
steel, and the darker the spot the harder the steel. Good steel, when 
in the soft state, has a curved fracture and a uniform gray luster, 
but in the hard state it is a dull silvery uniform white. Cracks or 
threads denote inferior quality. Good steel will not bear a white 
heat without falling to pieces, and will crumble under the hammer 
at a bright heat, while at a mild red heat it may be drawn out to 
a point. Iron cannot be hardened as its carbon content is too 
low. ^ 

Hardening Steel Tools. — One of the best, if not the be 3 |^ /Coni- 
positions for hardening steel tools for cutting iron or wo^d^JT even 
steel, is the following . To one gallon of common fish Vhhle oil 
add one pound each of beeswax and resin. Wheia^^tl^TS has been 
thoroughly mixed by boiling and stirring, heat the steel until the 
scale rises a little , then immerse in the boiling oil. When cool, heat 
over a clean fire until cherry red, and immerse in cool oil. Resin 
hardens steel, whereas beeswax and tallow toughen it. If it is 
preferred to temper in daylight, clean the steel, polish it, and draw 
to the color desired. 

Temperatures for Tempering. — The following table gives the 
required temperature in Fahrenheit degrees to produce certain 
colors, when tempering hardened steel: 

Lathe, shaper and planer tools 

430. Very light straw, 

450. Light straw. 
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TapSy dies and wood turning tools: 

470, Dark straw. 

490. Very dark straw. 

Hatchets, chisels, etc. 

500. Brownish yellow. 

520. Yellow, tinged with purple. 

530. Light purple. 

Springs, etc. 

550. Dark purple. 

570. Dark blue. 

Molten Metals Produce Desired Heat. — The following table 
gives the proportional parts of lead to one pound of tin, which 
when melted will have the required temperature to produce certain 
colors on hardened steel, by simple immersion : 


lEMPERATURE 


Color 

F. Dearrees 

Proportions 

Very light stiaw 

430 

1 % to 1 

Light straw 

450 

2 % to 1 

Dark straw 

470 

2^2 to 1 

Very dark straw 

490 

3% to 1 

Brownish yellow 

600 

4% to 1 

Light purple 

530 

7% to 1 

Dark purple 

560 

12 to 1 

Dark blue 

570 

26 to 1 


Working Steel and Iron. — Steel never should be kept hot 
longer than necessary for the work to be done, as if left too long 
in the fire it will lose its steely nature and grain, assuming more 
of the qualities of cast iron. When steel has been subjected fo 
heat not absolutely uniform over the whole mass careful annealing 
should follow. Hot steel always should be put in a perfectly dry 
place of even temperature while cooling. A wet floor might prove 
sufiScient to cause serious change. It is hard to make the average 
worker in steel believe that very little annealing is necessary, 
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and that a very slight change is more efficacious than a great deal. 
Iron heated and suddenly cooled in water is hardened to some 
extent and the breaking strain, if gradually applied, is increased, 
but it IS more likely to snap suddenly. If heated and allowed 
to cool gradually it is softened and its breaking strain is reduced. 
If brought to a wliite heat iron is injured if it is not at the same 



Fig. 460. — How to Remove Dents from Sheet Metal Objects 
Methods of Bending Steel Tubing and Pipe. 

time hammered and rolled. Case hardening bolts weakens them 
to some extent. 

Annealing Cast Iron. — To anneal cast iron heat it in a slow 
charcoal fire to a dull red, cover it with about two inches of fine 
charcoal and spread over all a layer of ashes. It should be left 
until cold. Hard or chilled cast iron can be softened sufficiently 
in this manner to be filed or drilled. 

Bending Pipe and Tubing. — Tubing is widely used in the con- 
struction of the automobile and its parts, and the repairman may 
sometimes desire to make a bend to replace a defective component, 
such as a water or gas inlet or exhaust pipe, which has become 
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battered and dented. Tubing is made of many materials, copper, 
brass and steel being the most common. It may be either hard or 
annealed, depending upon the use for which it is intended. The 
anneal or temper of seamless tubing is very important and should 
be carefully considered before bending. All seamless tubes, regard- 
less of the metal of which they are made, after being cold drawn 
are very hard and inclined to be brittle, and have to be annealed 
to suit different requirements. Tubing is funiished m three differ- 
ent tempers — hard, medium and soft. The hard tempered is used 
where great strength, rigidity and stiffness are required and where 
the tubes are not to be manipulated in any way that would change 
their form. The medium temper is used where strength and tough- 
ness are needed and where only slight or medium change of form 
is required. The soft is used where the tubes must be manipulated 
and where such decided cliange of form is required that it demands 
ductile and pliable material. 

A man not a mechanical exjiert is not expected to know the 
different grades of tubing, and in procuring this product the mis- 
take is often made of buying tubing whicli is not suitable. A file 
will tell the mechanic of the degree of hardness and proper allow- 
ances are made when it is desired to make bends. Many tubes of 
different make are finished so nearly alike that it is difficult to 
determine just w hat w ill be the most suitable. The thinner the wall 
of the tube the more care w ill he necessary to make a good bend as 
thin-w^alled tubing is more liable to collapse than that wdth thicker 
walls. If a piece of hard tubing is bent without first annealing, 
it will break soft, as at A, Fig. 460. A piece of thiii-w’alled tubing 
will collapse as at B. Some tube wdth a moderately thick wall 
can be bent wdthout heating or filling though most now used in the 
arts should be filled before bending. If the interior is made solid 
or nearly so wuth some substance it can be bent to a curve of very 
small radius without damage to the wall, providing the tubing is 
properly heated and is of the right temper. Such a bend is shown 
at C. With a solid filling it is possible to manipulate the tube as 
desired, but it is not a good idea to use either a vise or wTench, or 
hammer and anvil for bending as the walls of the tube will suffer 
and the appearance of the joint be unsatisfactory at least. 
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Filling the Tubing. — In securing a good bend special care must 
be taken of the material or filling to be used as a support for the 
inner wall while bending. One way of filling or packing a pipe or 
tube for bending consists of pouring into the internal bore a molten 
substance, such as resin for brass and copper pipes, or a soft, low- 
melting point lead alloy in steel tubing. The thinner the wall the 
more carefully must the bending be done, and the heavier the 
material used for a core. The method of filling is very simple, 
a funnel is inserted in the tube and the molten material poured in 
and allowed to cool. This may be removed after the bend is made 
by heating the tube, which causes the substance to melt and it may 
be run out. A tube may be packed with clay or putty, though 
these substances are hard to remove from the interior after the 
bend is made. For hot bending the tube may be plugged up and 
packed with sand, which is easily removed. If the entire length 
of the tube is to be bent around the arc of a circle the core may be 
a soft iron rod, which can be removed with ease after the operation 
is complete as it has taken the same degree of curvature as the tube. 
This also permits of hot bending. The tube is inserted in the hole 
of a bending block or when in a fixture may be bent back over the 
wheel, and curves of any radius may be obtained by using larger 
or smaller wheels. The device is often made so that it can be 
clamped in a vise, though where much work of this character is 
done it is fastened securely to the bench. For the motorist who 
makes his own repairs or the experimenter the block shown is sufii- 
cient, as good work may be done with even such a simple appliance 
if proper care is taken in filling the tube before bending. 

The pipe bending fixture shown at Fig. 461 was illustrated in 
the Horseless Age and is a very simple one to build, requiring only 
materials and tools found in almost all garages for its fabrication. 
With this device it is not absolutely necessary to fill the pipe with 
sand, resin or other material. The description will enable one to 
make such an apparatus. At A is shown a cast iron base about 
two feet square and two inches wide, cored out underneath so as 
to make it lighter. At B is a grooved wheel which is removable 
so that it may be replaced with similar wheels of difiPerent diameters 
for diflPerent sized bends. For instance, if the pipe is to be bent to 
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a 4«inch radius, a wheel 8 inches in diameter will be required. The 
wheel has a groove turned in its outer edge just a trifle larger than 
the pipe to be bent. It is made so that it will slip off and on the 
stud G easily. This stud is made of steel and is riveted to the 
base A, as shown. A follower wheel C is attached to the handle D 
and this is used for any bend for a given size of pipe. It will be 



Fig. 461. — Simple Fixture for Bending Tubing IVithout Damaging 

the WaUs. 


noticed that the lever D has a scries of holes, these being so spaced 
that when a different sized wheel replaces B, the wheel C can be 
moved out toward the end of the lever, keeping the center of the 
pipe N between the two grooves. The wheel C is held in place by a 
shoulder stud E and locked wdth a nut P. Since the base A has 
the boss finished off for the larger w’heel to turn upon, the head of 
the stud E will clear tlie base when the lever arm is swuing around. 
The stud G has a shoulder or groove cut around it, as shown in 
the sectional view. This is done to allow a tapered pin H to lock 
the arm D in place. The lever is milled out at the end, as shown 
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in the plan view, and a hole is drilled through both sides to take 
the tapered pin, which is placed so that it will lock the lever on the 
stud and yet allow it to turn freely. At J is shown a block ma- 
chined out of rectangular stock with a round end turned on it so 
that it may be inserted in the base, A. A hole is drilled in this 
piece just a trifle larger than the pipe and a slot sawed through the 
hole. Then another hole is drilled at the top for a clamping bolt 
K to hold the pipe in place. The apparatus is now ready for use. 

To bend a pipe of the size for which the block J and the wheels 
B and C have been made, turn tlie lever back 90 degrees from the 
position shown in the illustration. Then insert the pipe between 
the grooved wheels and clamp the end in the block J. Then pull 
the lever around to the position shown for a 90-degree bend and 
another 90 degrees for a return bend. The holes for the stud J 
are drilled in the base A on a line with tlie centers of the two 
grooved wheels, and these holes can be drilled in all four sides of 
the base. It is best, of course, to set up the apparatus and bend 
all of one size pipe and one radius at one time. After making a 
bend, the pin H is removed, which allows the lever to be pulled 
forward, carrying with it the vheel C. This leaves the pipe free 
to be removed after being undamped from the block J. Sometimes 
a piece of pipe is encountered which is so hard that it cannot 
be bent easily. In this case the lever may be lengthened by slip- 
ping a length of gas pipe or other tubing over the outer end, 
giving a much greater leverage and particularly stubborn pieces 
of pipe or tube may be bent by lieatmg several times if necessary. 

Straightening Out Bent Fenders. — When the fenders become 
bent the usual practice is to remove them and take them to a tin- 
smith for repairs. This involves considerable trouble and delay. 
The average fender may be straightened out by taking a block of 
wood or a strip of metal and placing it on the damaged part as out- 
lined at Fig. 460, G. A clamp is then attached and when screw^ed 
up the kink in the metal wull be eliminated. While some of the 
paint wall crack, the fender wall present a much better appearance 
than if it were straightened by hammering. 

Removing Dents in Tanks, Etc. — The following methods of 
taking out dents in hollow metal containers may prove of service 
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to repairitien as well as motorists in general. If the side of the 
fuel tank, for example, is indented, a loop can be made in a piece 
of stout brass wire, or a piece of bright steel rod, which is bent at 
right angles and soldered to the lowest part of the dented metal, 
as at H, Pig. 460. A larger loop is then made in the other end of 
the wire and with the aid of a small pinch bar and a block of wood 
to act as a fulcrum for the lever, the dented surface can be easily 
pulled flush with the surface of the tank. The base of the wooden 
block should be of sufficient area to prevent the side of the container 
becoming indented by it because of the pressure brought to bear 
with the lever or bar. Dents in headlights and depressions in the 
surfaces of horns, small tanks, gas generators, etc., can be taken 
out in a similar manner except that in place of the bar a stout 
cord should be attached to the wire loop and its free end fastened 
to a vise or other convenient anchorage. Fig. 460, I, shows method 
of repairing a tank, w^hile J shows a sketch of a born under treat- 
ment. The latter is grasped in the hands and a few gentle pulls 
will remove the dent. Obviously any other small metallic article 
can be repaired in the same way. The wire loop in all instances 
can be easily applied or i*emoved with a blow^ torch or soldering 
iron. 

No doubt more elaborate methods can be resorted to by those 
skilled in sheet metal working, but the wTiter believes that the 
above method is as simple as any for a piece of wire can be easily 
bent to any shape to suit the requirements of the job under con- 
sideration. No tools of great value are necessary, and such as are 
used — viz. : a length of wire and soldering iron — can be found in 
almost any house, and the process presented can be used to ad- 
vantage with any gauge of metal generally employed in the con- 
struction of the various small articles which the motorist would 
attempt to repair himself. 

Soldering and Brazing Processes.- — Solder must be used on cer- 
tain parts of an automobile, notably the radiator, the tanks and the 
lamps, despite the fact that such construction wiien subjected to 
stress or vibration, is not considered best. It is of considerable im- 
portance that permanent work be accomplished and in reaching 
this result it is necessary to bear in mind certain fundamental prin- 
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ciples relative to the use of solder in all classes of work. First the 
metal surfaces to be joined must be clean. This means in the most 
rigid sense. Wiping or cleaning with acid or gasoline is not suffi- 
cient. The metal must be clean, chemically, as well as free from 
any oxide. The best method is to use sandpaper or file the surfaces 
just before soldering. The surfaces must be hot — as well as the 
solder itself. The solder must be melted to flow with perfect free- 



Fig. 462. — ^Furnace Used for Heating Soldering Coppers at A and 
Effi.cieut Brazing Forge at B. 


dom, otherwise it will not enter the pores of the surface to be 
joined. The solder must not be so hot it will burn, however. ^ A 
solder bath or a soldering iron never should get red hot. It is not 
difficult to do a good job if the iron is large enough. 

Time must be allowed for the heat to flow from the copper to 
the work. To prevent the solder running away the work should be 
held with the seam horizontal. It is impossible to hurry work of 
this kind, except by changing irons to keep the work hot. Most 
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botches are due either to imperfect cleaning or to the working be- 
ing hurried through before it has been heated properly. The 
strength of solder is small, and its elastic limit far below its ten* 
sile strength. The area of the joint must be large. Two strips 
overlapping by a narrow margin are not as strong as with a wide 
overlap. With a lap sufficiently wide it is quite possible to make a 
joint stronger than any other part of the piece, not forgetting, how- 
ever that a soldered joint never should be subjected to bending or 
other stresses which localize the strain endured by the solder. The 
choice of flux naturally will depend upon the work. The object 
of the flux is to preserve the chemical cleanliness of the metal while 
it is being heated and before the solder adheres. 8ave for the flux 
the hot metal would oxidize slightly on the surface and the solder 
could not unite with it. 

If it is desired to solder two pieces which have some thickness 
and bulk a good piece of work cannot be done with a soldering iron, 
because the parts will absorb heat faster than the iron can supply 
it. With such work a torch must be used for sweating, heating 
thoroughly the parts adjacent to the intended joint and as far back 
as may be necessary. If the surfaces are more than one-eighth to 
one-quarter inch wide it is better to tin them before uniting. This 
is done by spreading a smooth coat of solder over the entire sur-" 
face while hot. It is only necessary to press two such prepared 
pieces together and heat them to the proper temperature to make 
a perfect union. Much time is saved in sweating operations, par- 
ticularly in manufacturing, by dipping the work into a bath of 
molten solder. The hot solder supplies the necessary heat and the 
whole job is practically instantaneous. Great care is necessary to 
keep the bath at proper temperature. If it is too cold the work will 
not hold, and if it is too hot the solder will be burned and its use- 
fulness gone. The accompanying tables will be found useful, one 
giving the fluxes that are best used with various materials, while 
the other gives the composition of solders and spelters found sat* 
isfactory for general aiiplication. The more tin there is in a solder, 
the stronger it is, but it is harder to melt than those having lead as 
a predominating element. In the case of spelter increasing the 
proportion of copper increases the strength: 
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Fluxes for Soldering. 


Iron or steel 

Tinned iron 

Copper to iron 

Iron or zinc 

Galvanized iron 

Copper or brass . . . 

Lead 

Block tin 


Borax or sal-ammoniac 

..Resin or chloride of zinc 

. . Resin 

Chloride of zinc 

. . . Mutton tallow or resui 
Sal-ammoniac or chloride of zinc 

Mutton tallow 

Resin or sweet oil 


SOLDERS AKD SPELTER FOR DIFFERENT PURPOSES 


Solder for 


Electricians , 

Gold . . . 

Platinum 
Plumbers', hard 
Plumbers’, soft 
Silver, hard 
Silver, soft 
Tin, hard . . 

Tin, soft 

Spelter for fine brass 
Common brass 
Cast iron. . 

Steel . ... 

Wrought iron 
Parts by weight 


Silver 


Tm 

1 


I 2 

I 1 


Loaii 

1 


r: 


Zinc Copper ! Gold Brass 


24 


8 

1 

3 , 

1 

1 ! 


Lead Burning. — Lead burning consists in melting the metals 
and causing the parts to flow together and become joined without; 
the aid of solder. It re(|uires considerably more skill than any 
other form of brazing or soldering. A long step toward success 
may be taken by the proper arrangement of the work. It is usual 
to provide something which may serv'e as a mold or guide for the 
melted metal. For example, if two lead sheets are to be united by 
soldering, they are laid on a sheet of some non-heat-conducting 
substance, such as brick or asbestos. The work in the immediate 
neighborhood of the joint is carefully scraped so as to remove all 
oxide or scale which would tend to bind the melted lead and pre- 
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Fig 463.— Fonns of Soldering Coppers and How to Tin Them 


vent it from flowing freely. The metal at the seam is heated by 
a very hot bit or the flame from a blowpipe so that there is a uni- 
form flow of lead across the seam. It is sometimes necessary to 
add more lead to the seam by melting a strip held in the hand. 
A flame of some sort is the most satisfactory source of heat for the 
average lead burning job, because not only is the heat more uni- 
form, but also more intense, and the lead melts at the desired point 
before the surrounding metal becomes sufficiently hot to soften. 
There are several types of blow'pipe for this purpose on the market. 
Some employ an alcohol flame, while others make use of mixed 
hydrogen and air. The flame is usually small, sharp-pointed, and 
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very intense. Lead burning is absolutely necessary, and is insisted 
upon in certain classes of worl^ for instance, in lining tanks with 
lead for chemical solutions, or for joining the grids and lugs of 
storage batteries. 

Soldering Aluminum . — Many components of the modern motor 
car are made of aluminum and in making repairs, if these be broken 
or cracked, this metal is extremely difficult to solder. While many 
attempts have been made to solder aluminum in the ordinary way, 
and even wdth special fluxes and solders, but little success is ob- 
tained unless the conditions obtaining are fully appreciated. Alu- 
minum is very light and melts at comparati\ ely low temperatures, 
and because of its rapid oxidization it is necessary to take great care 
to secure bright metal to which the solder will adhere. The alloys 
with which the motorist has to deal vary in proportion of alloying 
elements, depending upon the use for whicli the metal is intended 
the substance commonly used in combination being zinc, copper, 
tin, manganese, magnesium and sometimes a trace of iron. The 
larger proportion of any alloy is aluminum, and on the wh9le tlie 
soldering problem will be about the same in ail cases. As must be 
obvious because of its low melting point, aluminum will Stand 
prolonged heating, a condition that may be disregarded ili the (fase 
of most of the other metals amenable to soldering and brazing pro- 
cesses. Then again, when the critical point is reached in the heat- 
ing, aluminum suddenly ‘‘wilts’’ and every precaution must be ob- 
served to prevent the metal becoming too hot. The following table 
will show the relative melting points of the common metals : 


Melting Point of Mital. 


Tin 

Lead 

Zinc 

Aluminum . 

Bronze 

Silver 

Gold 

Copper 


Degrees 

Fahrenheit 

. 445 
. 620 
. 780 
.1160 
.1690 
.1730 
.3900 
.1930 
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Melting Point of Metal. — Coutinued. 

, Degree* 

Fahrenheit 

Cast iron 2000 ^ , 

Steel 2400 

Wrought iron 3000 

Platinum * 3230 

From the foregoing it will be evident thrt the metals of w^hich 
the average solders are composed have melting points but little 
lower than that of aluminum, and careful manipulation will be 
necessary to insure heating the metal sufficiently to melt the 
solder, and at the same time not weaken the aluminum or cause it 
to flow. To successfully solder aluminum demands considerable 
preparation and careful manipulation, and authorities differ as to 
the best methods and solders to use. All agree that the metal must 
be dry and absolutely clean, and while this is easily said and ad- 
vised it is difficult of accomplishment. If one cleans aluminum 
in ordinary temperatures, no matter how carefully, and obtains a 
bright surface, it is impossible to retain this as new oxide forms 
on its surface as soon as brightened. For this reason, some skilled 
in the arts recommend immersing the parts to be soldered in a 
strong solution of hydrosulphate of soda for several hours before 
joining them. The best solder to be used depends to a certain ex- 
tent upon the alloy of aluminum, the same as with other metals. 
One that has been used wuth good success is made as follows : Ten 
parts each by weight of tin, cadmium and zinc and one part of lead 
all of which are melted together. 

Dampness or salt air are the bane of the process of aluminum 
soldering and the rapid oxidization makes “tinning^’ which is of 
such benefit in uniting other metals, practically impossible. As 
moisture will hasten oxidization, the safest method of proceeding 
will include the drying of the surfaces, assuming that these have 
been properly prepared, as well as the solder, in an oven or other 
suitable container at a high enough temperature to thoroughly heat 
all parts, but low’er than that required to melt the solder. When 
the parts are thoroughly dry, the next thing to do is to scratch 
the surfaces vigorously with a metal brush, bringing out the un- 
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tarnished metal, and remo\dng all traces of oxide. The next step 
is the heating of the aluminum parts nearly to the melting point 
of the solder, and after applying the alloy to the surfaces, brush 
it into intimate relation with the surfaces, using the metal brush. 
If the solder does not adhere there is still some oxide on the sur- 
face, and the operation of cleaning should be repeated. When the 
surfaces to be ^joined are properly coated with solder, the rules 
which govern ordinary soldering work will ap{)ly, it being merely 
necessary to heat the surfaces, melt the solder and join tlie surfaces. 
Either a bunsen burner or blow torch can be used to lieat the metal, 
and the important points to remember are that the w^ork must be 
done quickly and that the surfaces to be joined be as clean and 
dry as i30ssible, and as free from aluminum oxide as conditions 
will permit. 

If the surface is of such a shape that it cannot be readily cleaned 
by scraping, it can be cleaned by dipping it into a solution of 
nitric acid in three times its bulk of hot water containing about 5 
per cent, of commercial hydrofluoric acid. This caus(‘s a slight ac- 
tion on the surface of the metal as show'n by bubbles. JBmse the 
metal after removing from the acid bath and dry in hot^Bawdust. 
There are various compounds on the market for wHering alu- 
minum, but this operation depends more on the workman than on 
the solder and unless considerable experience has been had it is 
probably better to purchase solder than attempt making it. Zinc 
can be used but does not form a very strong joint. Tm can also 
be used, is more nearly the color of aluminum, is stronger than zinc, 
but is very difficult to work. A small proportion of phosphor tin 
added to pure tin makes it work more readily and is the basis of 
most aluminum solders. The chief difSculty in soldering aluminum 
is that the heat is dissipated so rapidly that it cools the soldering 
iron and furthermore aluminum oxidizes instantly upon exposure 
to the air. This extremely thin film effectually prevents a perfect 
union being made. If the parts are well heated and melted solder 
kept hot W’^hile the iron is allowed to stand on it, the surface can 
be scraped beneath the melted solder by the point of the soldering 
iron, thus preventing to a certain extent the oxidization. In this 
way the metal can be tinned. When both parts are brought to- 
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gether and are well tinned, they can be united with some chance 
of success, nitrate of silver, resin, or zinc chloride being used as 
a flux. A soldering tool of nickel gives more satisfactory results 
than a copper one as the latter alloys with the tin and soon be- 
comes rough. 

Another authority advises as follows: Use zinc and Venetian 
turpentine for soldering small surfaces. Place the solder on the 
metal and heat very gently with a blowpipe until entirely melted. 
Another is to clean the surfaces by scraping and covering with a 
layer of paraffine wax as a flux then coating the surfaces by fusion, 
using a layer of alloy of zinc, tin and lead, preferably in the fol- 
lowing proportions: Zinc, five parts; tin, two parts; and lead one 
part. Metallic surfaces thus prepared can be soldered by means 
of zinc or cadmium, or alloys of aluminum with these metals. 
Twenty-eiglit ounces of block tin, three and onedialf ounces of lead, 
seven ounces of spelter, and fourteen ounces of phosplior tin, con- 
taining 10 per cent, of phosphorus, will make a good aluminum 
solder. Clean off all dirt and grease -with benzine, ap])ly the solder 
with a copper bit, and when the molten solder covers the metal, 
scratch through the solder with a wire scratch brush. A good solder 
for low grade work is composed of tin, 95 parts, and bismuth, five 
parts. A good flux in all cases is either stearin, vaseline, paraffine, 
copaiva balsam or benzine. Small tools made of aluminum or nickel 
should be used in the operation of soldering. These facilitate at 
the same time the fusion of the solder and its adhesion to the 
previously prepared surfaces. Copper or brass tools should be 
avoided as they W'Ould form colored alloys with the aluminum and 
the solder. To sw^eat aluminum to other metals, first coat the alu- 
minum surface with a layer of zinc, on top of which is melted a 
layer of alloy of one part aluminum to two and one-half parts of 
zinc. The surfaces are then placed together and heated until the 
alloy between them is liquefied. 

How to Bra.2e Steel and Iron. — As with soldering, it is impor- 
tant in brazing to clean the work thoroughly. Sand blasting is 
an ideal method of cleaning for brazing, although the work may 
be done with a file and emery cloth. The sand blast not only cleans 
the metal of all scale, but penetrates the pores, leaving it in condi- 
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tion to receive and hold the brass. It also costs less than the hand 
method. There are several compounds in the market that will make 
a better flux than borax, burnt and ground fine, but if wanted for 
a quick job, mix borax with wood alcohol, or, better still, ^ ‘ Colum- 
bian Spirits/^ Clean water is nearly as good. Mix to a thin paste 
and apply with a thin brush, so as to wet thoroughly every part 
of the joint. The flux is held in place by painting the joint with a 
mixture of machine oil and black lead. The joint should be pinned 
to hold it in place while being brazed. Run a No. 29 drill through 
the job and hold in place with an eightpenny wire nail. The fire 
should be clean, whether of gas, coal or oil. The gas fire is best, 
though it costs more. Put the heat on the heavy part of the work 
first, so as to bring it up nearly to the brazing point. When the 
heat is put onto the joint the heavy part will absorb it and cool off 
the part to be brazed. Bring it up slowly to a bright yellow heat, 
and as the spelter and flux begin to melt, dip the brazing wdre in 
the brazing compound and apply to the joint. Before dipping the 
wire, however, it should be held m the flame so as to heat it as near 
as possible to the melting point and yet not melt it. As the flux 
and spelter melt turn the work so it will run to all parts of the 
joint, and while still turning remove it from the fire and keep it in 
motion until it sets. If it is a large job, turn off the heat and let 
the blast strike the work and cool it. 

Nothing equals the sand blast for cleaning work after it is 
finished. The next best method is pickling in a weak solution of 
sulphuric acid and water, about one quart of acid to a barrel of 
water. The old-fashioned method of dipping the work in a pail 
of soapsuds IS not recommended. Almost any broken joint in cast 
iron can be brazed, and if properly done it will be stronger than be- 
fore breaking. To make a good job first heat the work to a dull 
red, taking the dirt and grease out of the pores of the metal. Next 
clean the work with a sand blast or with a wire brush, after which 
apply the flux. Fasten the broken parts firmly together, place in 
the fire and bring up to a bright yellow heat, in fact almost to the 
melting point, and apply the brazing compound. Shut off th6 gas 
and allow it to cool without moving. Brazing is possible even if 
the, pieces are of irregular form though large work should be pre- 
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heated before brazing as described in speaking of the autogenous 
welding process. 

Simple Methods of Testing Lubricating Oils. — To find if an 
oil contains certain solid impurities, add kerosene to half a eup of 
the oil until the mixture becomes quite thin. This thin fluid is now 
passed through filter paper or ordinary colorless blotting paper. 
As soon as all of the thinned oil has passed through, the blotting 
or filter paper is washed with kerosene. The residue that remains, 
if there is any, will show whether the oil contains any solid im- 
purities. Impurities of this kind may also be determined in a 
coarse way by smearing a piece of common correspondence or pad 
paper with the suspected oil and holding it against the light. If 
the oil is free from solid impurities the blot of oil will be equally 
transparent everywhere. If not, the solid particles of sediment will 
be plainly visible. 

To test whether an oil becomes resinous or not, it must be poured 
in a shallow dish, and it is then to be left for about a week in some 
warm place. If at the end of this period there is not the slightest 
evidence of a crust you may consider the lubricant to be all right. 
These oils may also be tested by mixing them with nitric acid. If 
the oil is pure, a thick mass will form in a few hours. Oils that 
resinify do not thus clot, but remain very thin. 

Among other impurities in oils are to be found injurious acids. 
When acids occur in lubricating oils they destroy the parts of ma- 
chines and other apparatus that they lubricate much more quickly 
than should be the case. A test for such impurities is found in 
mixing the lubricating oils with copper oxide or copper ash. These 
are added to the oil in a glass container. When, if the oil is free 
from acid, it retains its original color. If acids are present their 
action on the copper makes the color greenish or bluish. This test 
may also be made by dropping the oil on a sheet of copper or brass. 
Here it should be left for a week, when at the end of that time if 
acid is present, a greenish discoloration will be seen on the metal. 
Almost any of the chemical test for acid as with colored solutions 
and litmus paper will indicate the occurrence of acid. Litmus 
paper turns pink in the presence of acid. In its absence a blue 
color will be apparent. 
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To compare the lubricating values of several oils a few drops 
must be placed on a smooth, slightly inclined metal or glass sheet. 
The better and the greasier the oil the farther will a drop of it 
travel in any given time you determine upon. 

Evils of Exhausting in Closed Shop. — With the coming of cold 
weather adjustments to motors are often made in the garage or 
testing shop proper, instead of outside, as is the case when weather 
conditions are mild. Many of the garages are insufficiently heated, 
and of course all doors and windows are kept closed in order to 
retain what heat there is present. When such is the case, care must 
be taken that the motors be run very little unless the windows and 
doors are opened to provide for ventilation. The exhaust gas is 
very poisonous and cases are known where workmen have narrowly 
escaped asphyxiation, when running motors continuously in the 
shop and exhausting directly into the room. If it is necessary to 
run a motor continuously and conditions are such that windows 
or doors cannot be opened for ventilation, it will be found desir- 
able to lead the exhaust gas from the room by attacliing a piece of 
heavy rubber hose from the discharge pipe of the muffl(‘r to a win- 
dow, which need be open but a trifle, to allow the end of the rubber 
hose to hang out into the air. Such a simple precaution will save 
many a severe sick headache or something more serious. Where 
the hose goes on the exhaust pi])e it must be lined with asbestos, to 
prevent the heat of tlie pipe decomiiosing or burning the hose. 
Owing to the free flow provided for the gas, tlie hose will not be- 
come unduly heated at other parts. 

The exhaust gases from a gasoline engine are composed of nitro- 
gen, a little free oxygen, hydrocarbon, hydrogen, carbon monoxide 
and carbon dioxide, the last two being considered dangerous. The 
presence of carbon dioxide as a product of combustion of the gaso- 
line was recognized as an objection from the beginning of the use 
of these machines, but attention w^as called to the fact that the 
amount produced was relatively small compared to other sources 
of this gas, and it was not likely to be made in dangerous quanti- 
ties* The effect of carbon dioxide, except in relatively large per- 
centages, is confined to reducing the oxygen content of the air that 
is breathed. The presence of carbon monoxide in the exhaust gases 
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m injurious quantities was less appai*ent, but it appears from what 
is now known that this is the limiting factor in the use of engines 
exhausting into poorly ventilated places. The presence of carbon 
monoxide in the air in relatively small quantities has been shown 
to have a marked effect upon the blood, producing sickness, and if 
inhaled in sufficient quantity, death. After '^areful inquiry, the 
best that can be stated at this time is that without injury to health, 
no more than 0.1% of carbon monoxide can be breathed and that 
for a short and infrecpient intervals. It is probable that one-half 
of this percentage could be allowed for a considerable period of 
time without noticeable effect. The per cent, of carbon monoxide 
in the garage air depends upon the amount made by the engines 
running and on the quantity of air with which it is mixed. It will 
be necessary to provide ventilation for the worst combination of 
gases which such engines can make under unskillful handling, or 
else to become informed as to the actual amount of carbon monoxide 
produced and provide air accordingly. 

It is not sufficient to consider the average amount produced as 
distributed over the whole time of running such a machine. The 
total quantity of gasoline burned in any one day may have pro- 
duced but a small quantity of carbon monoxide, but if this has 
been confined to a relatively short period during bad carburetor 
adjustment, and iii some poorly ventilated space, tlie momentary 
percentage may be very high and the consequence may be fatal. It 
is evident that to be entirely safe the ventilation must be sufficient 
to keep the percentage of carbon monoxide below the assigned limit 
when the engine is producing the maximum quantity possible. If 
the maximum quantity is provided for by proper ventilation, the 
chance of injury to health may be considered to be remote. Cer- 
tain peculiarities of gasoline engines cause the percentage of car- 
bon monoxide generated to vary between rather wide limits, but 
the maximum is fairly constant. No other constituent of the ex- 
haust gases varies so much or so rapidly with slight changes of ad- 
justment as does the carbon monoxide. Conveying the exhaust gas 
to the outer air is the simplest and most positive remedy for dis- 
posal of this deadly gas. 

Instructions for Eepairing Storage Battery, — In repairing a 
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'WiDard storage battery a definite routine must be followed in tear- 
ing down and building up same in order that it will be in the best 
condition when re-assembled. These steps are as follows: 

First: Remove all vent plugs and washers. 

Second: Centerpuneh both top connectors in each cell which 
is to be repaired; then drill ^-inch into top connector, with a 
inch diameter drill. Now pull off top connector with pair of pliers. 

Third: Apply gas flame or blowtorch flame to the top of the 
battery long enough to soften the sealing compound under the top 
cover. Now, with heated putty knife, plow out the sealing com- 
pound around the edge of top cover. 

Fourth : Insert a putty knife, or any other thin, broad pointed 
tool, heated in flame, along underside of top cover, separating it 
from the sealing compound. Then with putty knife, pry the top 
cover up the sides and off of the terminal posts. 

Fifth : Then, with heated putty knife, remove all sealing com- 
pound from inner cover. 

Sixth : Now play the flame onto the inner cover until it becomes 
soft and pliable ; then take hold of both terminal posts of one cell, 
and remove the elements from the jar, slowly ; then lift tbe inner 
cover from the terminal posts. 

Seventh : Now separate positive and negative elements, by pull- 
ing them apart sideways. Destroy old separators. 

Eighth : To remove a leaky jar, first empty the electrolyte from 
the jar, and then play the flame on the inside of the jar until the 
compound surrounding it is soft and plastic ; then with the aid of 
two pairs of pliers, remove it from the crate, slowly, lifting evenly. 

Ninth : To put in a new jar, in place of the leaky one, heat it 
thoroughly, in a pail of hot water, and force in gently. 

Tenth : In re-assembling the battery, first assemble the positive 
and negative elements, pushing them together sideways; then turn 
them on the side and with both hold downs in place, insert new 
separators, being very careful to have the grooved side of th(‘ 
separators next to each side of each positive plate. Also be care- 
ful to have the separators extend beyond the plates on each side, 
so there will be no chance of the plates short-circuiting. Now press 
all separators up against hold downs. 
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Eleventh : Heat up inner cover with flame ; then place same on 
terminal posts; then take hold of both terininal posts and slo^i^ly 
lower the elements into the jar 

Twelfth : Now, with expansion chamber in place on the inner 
cover, pour the melted sealing compound on to the inner cover, 



Fig. 464. — ^Diagram Showing Construction of Points to l>e Beached in 
Bebuilding or Tearing Down WlUard Storage Battery. 


until it reaches the level of the hole in the top of the expansion 
chamber, — ie, so that when the top cover is replaced, it will squeeze 
the sealing compound off the top of the expansion chambers. 

Thirteenth: Now soften top cover with flame and replace on 
terminal posts until it rests on top of expansion chamber; thou 
place a weight on top cover until sealing compound cools. 
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Fourteenth ; Now, pour sealing compound around the edge of 
the top cover, until it reaches the top of top cover; then when the 
sealing compound has cooled, take a putty knife and scoop extra 
sealing compound off of top cover, making a smooth surface over 
all the top of the battery. 

Fifteenth : In burning the top connector to terminal post, pro- 
ceed as follows: Scrape the hole of the top connector until the 
surface is bright and clean; scrape terminal post until top and 
edge are bright and clean. Now, scrape a piece of lead — preferably 
a small bar — bright and clean; then apply hydrogen gas flame, 
mixed with air under pressure, to the top connector and terminal 
post assembled, at the same time heating lead bar. When top con- 
nector and terminal post begin to melt, apply lead bar directly on 
same, melting it, thus making a firm burned connection. Then 
fill rest of hole-space with melted lead and smooth off even with 
top of top connector. 

Care of Grinding Wheels. — Chattering and waviness in appear- 
ance of the part finished is usually caused either by the %heel 
spindle being loose in its bearings, the grinding \\ heel Ife^ng out 
of true or out of balance, or particles of the material heiog ground 
having become embedded in the wheel. A loose should, of 

course, have its bearings adjusted. In a great majority of cases, 
however, the cause of imperfect work is due to the wheel getting 
out of shape. It is important that its face should be perfectly 
parallel with the travel of the carriage, and in order to produce a 
result of this kind a diamond tool must be used, as near to the 
headstock or footstock center as is practicable, especially on work 
of small diameter. Where the work is not so small, say 2 inches 
in diameter, the truing device can be clamped at the most con- 
venient point, and in either case it should be carefully seen to that 
the stud holding the diamond and the arm supporting same^ are 
solid against the work. If the truing device is not rigid the face 
of the wheel will not be dressed perfectly true. 

It will be observed that the stud in which the diamond is 
mounted can be revolved in its holder and it is important that the 
point presented to the wheel should be sharp ; for instance, if the 
diamond should become worn and flattened, it should be turned 
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and thus present a new point to the wheel. Keeping the wheel 
true is important for the operator to observe, particularly so wh^n 
he comes to make a final finish. The wheel should be traversed by 
the diamond at a uniform speed, rather slowly in order to give it 
time to cut away the particles. If it is desired to do rapid cutting, it 
will be found proper to pass the wheel by the diamond more rap- 
idly thus making a rougher face on the wheel. 

The number of times that the face of a grinding wheel has to 
be trued depends entirely on the character of the work being fin- 
ished and the kind of wheel used. There are some wheels that wear 
away rapidly enough so that little truing is necessary. There are 
also cases where a harder wheel is desirable and a hard wheel neces- 
sarily requires more truing than a soft one. Where pieces are 
rather large and considerable stock has to be removed, it may be 
necessary to true the wheel eacii time a piece receives its finishing 
cut. Where the stock to be removed is not more than -inch 
diameter it is ad\isable to finish in one operation, but when there 
is as much as ^, 3 , -inch diameter to be removed it is good practice 
to grind it in two operationvS. As stated above, it is desirable gen- 
erally to present a sliarp point of the diamond to the wheel in tru- 
ing, but there are times vlien the smootii surface is preferable, par- 
ticularly when it comes to producing a very fine finish ; the flat 
surface of the diamond will tend somewhat to glaze the wheel and 
thus produce a ])etter finish. A coarse wheel properly trued will 
produce a good finish. 

The amount of wear the ^^heel is subjected to depends upon 
the operator in many cases Never bring an emery, corboriindum 
or other abrasive wheel suddenly against the work or the w^ork ab- 
ruptly to the wheel. Tlie feed should be gradual, so that the 
sparking will start almast imperceptibly. Grinding is not intended 
to be a roughing process but is a method of finishing in most eases 
so careful manipulation of the feed control is required to prevent 
the wheel from ''digging’^ in. 

Speed for Wheels. — The table below designates number of revo- 
lutions per minute for specified diameters of wb.eels, to cause them 
to run at the respective periphery rates of 4,000, 5,000 and 6,000 
feet per minute. 
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SPEEDS FOE EMEET WHEELS. 


Diametor Wheel 

Revolutions per 
Minute for Surface 
Speed of 4,000 Feet. 

Revolutions per 
Minute per Surface 
Speed oi 6,000 Feet. 

Revolutions per 
Minute per Surface 
Speed of 6,000 Feet. 

Inch 

1 

15,286 

19,099 

22,918 

2 

7.639 

9,549 

11,469 

3 

6,093 

6,366 

7,639 

4 

3,820 

4.775 

5,730 

5 

3,056 

3,820 

4,584 

6 

2,546 

3,183 

3,820 

7 

2,183 

2,728 

3,274 

8 

1,910 

2.387 

2,865 

10 

1,628 

1,910 

2,292 

12 

1,273 

1,692 1 

1,910 

14 

1.091 

1,364 

1,687 

16 

955 

1,194 

1,432 

18 

849 

1,061 1 

1,273 

20 

764 

956 

1,146 

22 

694 

868 

1,042 

24 

637 

796 

966 

30 

509 

637 

764 

36 

424 

531 

637 


The medium of 5,000 feet is usually employed in ord^iary work, 
but in specific cases it is sometimes desirable to run them at a lower 
or higher rate according to requirements. We recommend a num- 
ber of revolutions equivalent to a surface speed of 5,500 feet. This 
does not indicate that they cannot be run at a higher or lower 
speed, but that it is a good average speed to produce good results. 
To allow an ample margin of safety it is recommended that wheels 
should not be run at a surface speed exceeding 6,000 feet. Every 
shop should have a speed indicator in order that the speed of its 
grinding machinery may be known. 


Grading of Landis Grinding Wheels. 

KtJMBERS 

The grains are numbered according to the number of meshes 
per lineal inch of the sieve through which they have passed. For 
example, No. 30 is a grain that will pass through a sieve having 
thirty meshes to the inch, but will not pass through a sieve having 
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thirty-six meshes. The fineness, or number, of the emery or corun- 
dum used in making a wheel determines the number^’ of the 
wheel. 

The grains (and similarly the wheels) are numbered as follows i 
10, 12, 16, 20, 24, 30, 36, 46, 54, 60, 70, 80, 00, 100, 120, 150. In 
this list the lower numbers indicate the coarse"* giains, the higher 
numbers, the finer ones. 

When ordering wheels, be sure to specify diameter, shape, thick- 
ness, size of center holes, the grade and grain or description of 
material to be ground and speed proposed to run the wheels. If 
possible, give shape number. 

For grinding hardened steel and cast-iron, wheels made by what 
is known as the silicate process give very good results, but the 
vitrified wheel in our experience is the better for general use. 

A soft wheel is less apt to change the temperature of the work 
or become glazed. 

A wheel is most efficient when just soft enough not to glaze and 
hard enough not to w^ear away rapidly. 

Use a fine grained wheel for finish, a coarse wheel to remove 
stock. For general grinding a 24 combination grain wheel gives 
excellent results. 

A good practice is to have several grades of wheels on hand 
best adapted for your different classes of work. 

Always keep a spare wheel or tw^o on hand for emergencies. 


Vitrified 

Process 

Silicate 

Process 

Vitrified 

Process 

Silicate 

Process 

Vitnfied 

Process 

Silicate 

Process 

Very Soft E 

1 

Soft K 

2i 

Hard Q 

6 

F 

1 

L 

24 

R 

6J 

G 

n 

Medium M 

3 

S 

6 

H 

14 

N 

34 

T 

6J 

Soft I 

li 

0 1 

4 

Very Hard U 

7 

J 

2 

P 

1 

44 





CHAPTER XII 

xtseful information for auto repairmen 

Anti-Fieezing Cooling Solutions — Substances Usually Combined with Water — 
Advantages of Different Solutions — Electiolytic Action Not Desirable — 
The Best Mixture — Extinguishing Fires in Volatile Liquids — First Aid to 
the Injured — Schaefer Method of Artificial Respiration — Ilie Repair Shop 
IVIedicine Chest — Remedy for Burns, Cuts and Abrasions — Wounds and 
Painful Injuries — Home-made Aseptic Gauze 

Anti-Freezing: Cooling Mediums. — To lower tlie freezing point 
of water it is poasible to add various substances and the propor- 
tions added determine the point at which the solution will congeal. 
Among the materials commonly used may be mentioned common 
salt, alcohol, glycerine and calcium chloride. The alkaline solu- 
tions produce a distinct electrical action wherever two dissimilar 
metals are used together in the cooling system, such as the brass 
tubing of a radiator and the solder used at the joints; the cast iron 
water jacket and the aluminum or brass plates used to close the 
core print holes; the aluminum pump casing and steel or bronze 
impeller, and at many other points which will vary with the de- 
sign of the car and the materials of the components. The alcohol 
solutions evaporate very quickly, the glycerine solution affects the 
rubber hose, and the salt solutions leave an incrustation as the 
water evaporates. It is reasonable to expect electrolytic action 
when metals of different potential are used together in any alkaline 
solution, which are electrolytes of high value. Taking it all in all, 
the selection of the best solution involves a consideration of many 
facts and various requirements must be considered in the selection 
of that most suitable. Considering tlie qualities of such a com- 
pound it will be seen that no one will combine all the desirable 
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features, so in selecting the solutions the following should be kept 
in mind : 1*0 begin with, and it is a highly important consideration, 
the solution used should have no corrosive action, nor should its use 
prove deleterious on the metals or rubber used in the circulating 
system. It must be easily dissolved in or combined with water, 
must be reasonably cheap and not subject to rapid waste by evapo- 
ration, and should not be of such character that it will deposit 
sediment or foreign matter in the jackets, pipes or radiator water 
spaces. Its boiling point should be as high, if not higher than, 
that of w’ater, and it should not congeal at temperatures ordinarily 
met wdth where it is used. 

Substances Usually Combined with Water. — Alcohol is pre- 
pared by destructive distillation of various vegetable substances 
wdiich contain starch or sugar, such as potatoes, beets and numer- 
ous grains and fruits. Any starchy material will serve for the pro- 
duction of alcohol and the real (piestion is one of cost, which varies 
with the locality in which the manufacture is earned on. It mixes 
readily with water, and does not congeal at any knowm tempera- 
ture, though its boiling point is about 175 degrees Fahrenheit, 
and above this point evaporation is rapid. It is a very volatile 
liquid and wull eva})orate at very moderate temperatures. The 
alcohol generally used is denatured by the addition of a substance 
which renders it unfit for drinking purposes and because of the 
recent removal of the government tax it may be obtained for about 
60 cents a gallon. 

Glycerine is obtained as a by-product in the saiionification of 
fats in soap and candle making, and is an oily substance wdiich 
wdll vary in color from reddisli brown wdien crude to a colorless 
liquid wdien pure. Crude glycerine sometimes contains free acids 
in small quantities though it may be purified and the color re- 
moved when it is to be used for certain purposes. This substance 
has a much higher boiling point than water, ebullition taking place 
at a temperature of 554 degrees Fahrenheit. Glycerine when pure 
is a sweet, colorless liquid and is mixable wdth water and alcohol 
in any proportion. It is most largely used in the manufacture of 
nitroglycerine, though utilized to some extent in pharmacy, soap- 
making, filling instruments which require a liquid seal and w^hich 
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are exposed to low temperatures, and sweetening wine. It can be 
obtained in single gallon lots at a cost about $1.50. 

Calcium chloride is a by-product of the Weldon process of ob- 
taining chlorine which is to be incorporated into bleaching powder, 
from manganese ore and hydrochloric acid. It is a salt and is pro- 
duced in the form of crj^stals, the crude material being yellowish 
white in color, though after purification it is clear white. It may 
be obtained directly from marble or chalk by dissolving these ma- 
terials in hydrochloric acid. It is comparatively cheap and may 
be obtained in 10 pound sheet iron drums at nine cents per pound. 
Chemically pure its cost will vary from 30 to 60 cents per pound. 
It is very soluble in water, and while it is in solution it will lower 
the freezing point. It may contain free acid in the crude form, 
though this may be neutralized by the addition of a little slaked 
lime. Water will be evaporated rapidly at temperatures in excess 
of 185 degrees and salt will remain in the form of crystals. While 
calcium chloride solutions have been very popular they are not so 
well thought of at the present time because of a certain electrical 
action which is set up when the water circulation system is com- 
posed of dissimilar metals, as is commonly the case in motor car 
construction and corrosion at the points of juncture is unavoidable. 
As hydrochloric acid is used when this salt is obtained, there may 
be some free acid in combination with the cruder grades, and corro- 
sive action will be noted. The corrosive action of chemically pure 
salt is very slight, though electrical action will be noted if dis- 
similar metals are employed, regardless of the purity of the salt 
in the solution. 

Advantages of Different Solutions. — The substances previ- 
ously discussed all have advantages, some as relates to first cost, 
others to freedom from trouble. Alcohol is without doubt the best 
material to use from the viewpoint of action on metal or rubber, 
as it does not form deposits of foreign matter, will not freeze at 
known temperatures, and has no electrical effect. It is extremely 
volatile, however, and because of its low boiling point will evapo- 
rate at temperatures much less than that of the boiling point of 
water, and the solution in the water circulation system of the 
modern motor car often heated to this point, especially when the 
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natural system of water cireulatiou is employed. .Combina^rii of 
water, alcohol and glycerine have been tried, and have given ex- 
cellent results. The addition of the glyceiihe to a water-alcohol 
solution reduces liability of evaporation to a large extent and in- 
creases the boiling point. Glycerine and water solutions were form- 
erly considered favorably, but of late have been abandoned be- 
cause of certain strong disadvantages. Crude glycerine often con- 
tains free acid, and in many eases, if no free acid is found, it may 
break down when exposed to heat, and liberate fatty acids, which 
are found combined with other elements in all fats and oils of 
animal or vegetable origin. While this acid may not attack metals 
to any appreciable extent, still its presence in the cooling system 
is not desirable. Glycerine, as is true of most oils, has a destruc- 
tive effect on rubber hose and gaskets, and should not be used in 
large proportions on any car where much of the piping system is 
of rubber hose. Glycerine is expensive and is liable to decompose 
under the influence of heat, and as the proportions used with water 
are larger than is necessary with other Substances, these solutions 
are being replaced with alcohol, water and glycerine compounds, 
which are most satisfactory in ordinary practice. 

Positive Proof of Electrical Action. — To demonstrate that 
with saline solutions a certain amount of electrical action was un- 
avoidable, the writer made a series of tests in which a number of 
pairs of dissimilar metals were placed in calcium chloride solution 
and a low reading voltmeter interposed in the circuit showed volt- 
age ranging from one-fifth to one-half volt, depending upon the 
metals used, the strength of the solution and the temperature. The 
electrical action in every case was greater as the temperature was 
increased. Extreme care was taken in making these tests, and the 
results obtained were carefully checked by another series of tests 
with the same metals and fresh solutions. The solution used was 
the weakest of the calcium chloride and water combinations, and 
was made of two pounds of salt to a gallon of liquid. This solu- 
tion has a freezing point of 18 degrees F., only a few degrees lower 
than plain water. With zinc and copper the current indication was 
two-fifths of a volt, just half as much energy as obtained with sal- 
ammoniac, a recognized electrolyte, in previous test. The tempera- 
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ture was about 68 degrees Fahrenheit. Copper and cast iron 
showed more energy than when the same elements were immersed 
in standard electrolyte, namely, three-tentlis of a volt. Copper and 
solder showed the same ‘as when sal-ammoniac was used, the indica- 
tion being one-fifth volt. When aluminum and cast iron were 
tested the indication was less than one-tenth volt. Aluminum and 
brass produced one-fifth volt, brass and solder one-tenth volt and 
brass and cast iron one-tenth volt. This electrolyte is the weakest 
of the calcium chloride solutions which have been advised by men 
wdio know, for use in the circulation system. Its suitability for the 
purpose is left to the reader’s judgment. 

The results vith the stronger solution were about the same, the 
only difference noted being that tlie needle moved over further with 
each stronger solution, though it settled to about the same reading 
as with the weaker solution for tlie same ehoiients. All the ele- 
ments were tested in four different mixtures and results carefully 
noted. To test the effect of increas(*d temj)erature on current pro- 
duction, four ounces of tlie strong solution, that of five iiounds 
calcium chloride to the gallon of water, was lieated to 180 degrees 
Fahrenheit, a temperature slightly less than its boiling point, and 
the zinc and copper elements placed in the jar and a reading taken 
While the reading at 70 degrees Fahrenheit was tw^o-fifths volt, at 
the higher temi)erature the indication of the needle w'as three- 
fifths volt, almost as much as obtained with the regular sal-am- 
moniac solution at normal temperatures. 

Electrolytic Action Not Desirable. — Wliere there is electri- 
cal action there is also corrosion and deterioration of the metal 
w^hich acts as the negative element. While it is true that the cur- 
rent produced between the metals falls off in pressure because of 
polarization of the positive element, it must be considered that the 
constant circulation of the solution through the jacket and piping 
must to a certain extent act as a depolarizer because of agitation 
of the liquid, wdiich has a tendency to keep the surface of the posi- 
tive element free from gas bubbles. It is reasonable to assume that 
there wdll he a continued electrical action all the time that the solu- 
tion is in a cooling system, though at times this may be very slight. 
To be sure that the action w^as caused by the calcium chloride alone 
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and not acid in solution the various solutions were carefully tested 
with litmus paper for acid without detecting the minutest trace* 
Then for the purpose of testing the litmus paper a single drop of 
hydrochloric acid placed in the solution turned the blue litmus 
to a light pink, proving conclusively that the test paper was of 
proper strength. Then consider tliat all the time the engine is 
in operation the temperature is nearly to the boiling point of the 
solutions, in some casrs more, and it will be seen that the degree of 
electrical activity is consid(U'ably increased. 

The cellular cooler is composed of innumeralile s<^)ldered ,]oints 
and at every one of these th(*re wall be a certain amount of elec- 
trical action, wdiich in the aggregate will amount to a considerable 
cifrreiit. At various other }>omts of the cooling system, wdierever 
there is two unlike metals in combination, we have other small 
currents, w’hich decompose their quota of metal and assist in filling 
the system wutli sediment and foreign matter, not to mention the 
salt crystals which will be formed as the solution evaporates. The 
WTiter does not claim that the test sliow^d absolute results, but they 
demonstrated that wuthout doubt electrical action does exist wdien 
solutions of calcium chloride or any other salt are used to prevent 
freezing. 

The Best Mixture, — Plain water and alcohol solutions would 
be the best were it not for the ease with which such compounds 
boil and the rapidity with wdiieh they evaporate. We have seen 
that the objections advanced against calcium chloride solution hav^e 
ample foundation and that such compounds are not suitable for 
use, the chief advantage, that of cheapness, having been eliminated 
by the reduction in the price of denatured alcohol. The addition 
of a little glycerine to an alcohol and w^ater solution reduces lia- 
bility of evaporation, and when used in such quantities it has no 
injurious effect to speak of on rubber hose. The tables show the 
combinations and their freezing points and the proper proportions 
of the mixtures used must, of course, be gov’^erned by conditions of 
locality, but it is better to be safe than sorry, and make the solu- 
tions strong enough for the extremes that may be expected. The 
writer has used both alcohol and water, and glycerine, alcohol and 
water solutions, with good results, though considerable trouble 
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Fig. 465. — Special Testing Hydrometer for De- 
termining Density of Alcohol-Water Cooling 
Solutions, Giving Freezing Points. 


lias already been expe- 
rienced when saline so- 
lutions were employed. 

Oils of various 
kinds have been recom- 
mended, these being of 
the character often 
used in lubricating ice- 
making machinery, and 
made especially to 
withstand low temper- 
atures. Such oils will 
not absorb heat as well 
as water and should 
be used only where ex- 
ceptionally good meth- 
ods of cooling are pro- 
vided, such as a large 
radiator, all metal pip- 
ing and positive pump. 
This oil will attack rub- 
ber hose, however, and 
it would seem, all 
things considered, al- 
cohol solutions are 
preferable to all others. 
The following tabula- 
tions give the relative 
values of solutions com- 
monly employed: 


CALCIUM CHLORIDE SOLUTIONS 

2 pounds salt, 1 gallon water. Freezing point, 18® F. 

3 pounds salt, 1 gallon water. Freezing point, 1.6® F. 

4 pounds salt, 1 gallon water Freezing point, -17® F. 

5 pounds salt, 1 gallon water Freezing point, ^89® F. 
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WATER AND ALCOHOL SOLUTIONS 

Water 96%, Alcohol 6% FroOzing point, 25® F. 

Water 85%, Alcohol 16% Freezing point, 11® F. 

Water 80%, Alcohol 20% Freezing point, 5® F. 

Water 70%, Alcohol 30% Freezing point, -6® F. 

Water 65%, Alcohol 36% Freezing noint, -16° F. 

WATER, ALCOHOL AND GLYCERINE SOLUTIONS 

Water 85%, Alcohol — Glycerine 15%. . Freezing point, 20® F. 

Water 75%, Alcohol — Glycerine 25% Freezing point, 8° F 

Water 70%, Alcohol — Glycerine 30%. . Freezing point, -5® F. 

Water 60%, Alcohol— Glycerine 40%. Freezing point, -23° F. 

Alcohol and Glycerine — equal proportions. 


EXTRACTS FROM A PAPER READ BY KDW. H BARRIER 
BEFORE THE AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS 

Extinguishing Fires in Volatile Liquids. — The extinguish- 
ing of fires in oils, gasoline and in most of the volatile liquids has 
always been a difficult problem and where fires of this kind occur 
the results are frequently very disastrous. Our most common extin- 
guishing agent, water, w^orks rather unsatisfactorily upon the ma- 
jority of such fires, but it is still the only one available where heroic 
measures are required. Comparatively recently, however, there 
have been two or three other materials introduced for use as ex- 
tinguishers which have shown some promise tor dealing with these 
fires, and it is the waiter’s purpose to discuss these materials and 
the conditions under which they prove the most efficient. Not all 
fires in volatile liquids are difficult to handle wdth water. When 
the liquid is miscible with W'ater this extinguishing agent can be 
successfully used. Examples of this kind are denatured alcohol^ 
wood alcohol, grain alcohol, acetone, etc. AVhere the liquid is not 
miscible with water little or no effect is produced except to w^ash 
the burning liquid out of the building wdiere it may be completely 
consumed, or, if the quantity of oil is small, possibly to extinguish 
the fire by the brute cooling effect of a large quantity of water 
sprayed upon the fire. Soda and acid extinguishers are somewhat 
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Fig. 466. — Charts Showing Freezing Points of Various Mixtures of 
Calcium Chloride, Alcohol, etc., and Water. 
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more effective than pore water, l)ut even they fail under most con- 
ditions. The various grenades containing salt solutions which were 
formerly extensively exploited are of course practically worthless. 
The only princijiles that can be made use of in extinguishing fires 
m volatile oils are (a) to form a blanket either of gas or of solid 
material over the burning Ikpiid vhich will ixcltide the oxygen of 
Ihe uir or (b) to dilute the burning liquid with a non-infiammable 
extinguishing agent which is miscible with it. 

Sawdust and Bicarbonate of Soda. — To tlie blanketing type 
of extiiiguisliers belongs sawdust, i^aradoxical as it may seem, 
ordinary sawdust is an excellent extinguisbing agent for certain 
^olatile liquids, especially those of a viscous nature. A consider- 
able number of experiments were conducted in the fall of 1912 by 
the inspection department of the Associated Factory ^Iiitual Fire 
Insurance Companies, in tlie extinguislnng of fines in lacquer and 
gasoline in tanks witli saw^dust, and the rcesults wen^ surprisingly 
satisfactory. The lic|uids were placed in tlircM^ tanks dO inches long, 
12 inches wide and 16 inclues deep, 48 inches long, 14 inches wdde 
and 16 inches deep, and 60 inclies long, 30 inclies wide and 16 
inches deep. The sawdust w'as applied with a long-handled, light 
but substantially built siiow^ vshovel having a blade ot considerable 
area. In every ease the firc^s Avere extinguished readily, especially 
in the two smaller tanks winch Avere about a.s large as any ordi- 
narily employed for lacquer in manufacturing establisliments. The 
efficiency of the saAvdust is undoubtedly due to its blanketing ac- 
tion in floating for a lime upon the surface of the liquid and ex- 
cluding tlie oxygen of the air. Its efficiency is greater on viscous 
liquids than thin liquids, since it floats more readily on the former 
than on the latter. The saw^dust itself is not easily ignited, and 
Avhen it does become ignited it burns AAdthout flame. The burning 
embers have not a sufficiently high temperature to reignite the 
liquid. The character of the sawdust, whether from soft Avood or 
hard wood, appears to be of little or no importance, and the amount 
of moisture contained in it is apparently not a factor, so that the 
drying out of sawdust wffien kept m manufacturing establishments 
for a time would not affect the efficiency. It was found that the 
admixture of sodium bicarbonate greatly increased the efficiency 
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of the sawdust as shown both by the shortened time and the de- 
creased amount of material necessary to extinguish the fires. A 
further advantage of the addition of bicarbonate of soda is that 
it decreased the possible danger resulting from the presence of saw- 
dust in manufacturing plants since it would be difficult if not im- 
possible to ignite the mixture by a carelessly thrown match or any 
other source of ignition. Although the efficiency of the sawdust 
is greatest on viscous liquids such as lacquers, heavy oils, japan, 
w^axes, etc., in the test referred to, fires were extinguished in gaso- 
line contained in the smallest tank and also w hen spread upon the 
ground. In larger tanks the saw^dust or bicarbonate mixture does 
not work so well since the saw^dust sinks before the whole surface 
can be covered, wdiereuiKUi the exposed liquid reignites. 

Carbon Tetrachloride. — In recent years carbon tetrachloride 
has received considerable attention as a fire extinguishing agent. 
This is due largely to the activity of certain manufacturers of fire 
extinguishers which use liquids, the basis of winch is carbon tetra- 
chloride. This substance is a w'ater wiiite liquid and possesses 
w^hen pure a rather agreeable odor somcwiiat similar to chloroform 
A considerable proportion of the commercial article upon the 
market, how^ever, contains sulphur impurities wiiich impart a dis- 
agreeable odor to the liquid. The substance is quite heavy, its 
specific gravity being 1.632 at 32 degrees Pahr. It is non-inflam- 
mable, non-explosive, and is readily miscible w ith oils, w axes, japan 
etc. When mixed wulli inflammable liquids it renders them non- 
inflammable provided a sufficient quantity is added. Its vapor is 
heavy, the specific gravity being about five and one-half times that 
of air, consequently it settk^s very rapidly. As an extinguishing 
agent it operates by both the principles mentioned, namely, it 
dilutes the inflammable liquid rendering it non-flammable, or at 
least less inflammable, and it forms a blanket of gas or vapor over 
the burning liquid w^bicli excludes tlie oxygen of the air. 

Although this exposition is confined to a discussion of extin 
guishing fires in oils and volatile liquids, it may not be out of place 
to mention that the claims made by certain manufacturers pro- 
ducing extinguishers which use liquids, the basis of wdiich is carbon 
tetrachloride, are grossly exaggerated. These preparations, none 
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of which is more efficient than carbon tetrachloride, are ilot the 
equivalent of the ordinary water extinguishers for general use on 
such materials as cotton, wood, paper, oily waste, etc. On volatile 
liquids, oils, etc., carbon tetrachloride has, however, shown very 
satisfactory results under some conditions, but the readiness with 
which a fire can be extinguished with it depends to a considerable 
extent upon the skill of the operator and the' length of time that 
the liquid has been burning is an important factor, and in such 
cases where the sides of the tank become heated the only way in 
which the fire can be extinguished is tt squirt the liquid forcibly 
at the sides. If the carbon tetrachloride is squirted directly into 
the liquid it is much more difficult, if not impossible to extinguish 
the fire. The height of the Iniuid in the tank is also a very im* 
portant factor. Where the liquid is low the sides form a pocket 
which retains the vapor and aids considerably m smothering the 
blaze. When the tank is nearly full, however, this condition does 
not exist, and it is then very difficult, if not impossible, to extin- 
guish a fire in a highly \olatile iKpiid such as gasoline; only the 
most skilled operators are successful in these cases. 

The size of the tank or the extent of the fire upon the floor is, 
as would be expected, of considerable importance. In tanks larger 
than about 28 inches by 12 inches more than one extinguisher and 
operator working at a time are necessary to extinguish a fire in 
such materials as gasoline. In one test where a tank 60 inches by 
30 inches was used no less than seven operators were necessary, 
and even then it v as only with the greatest difficulty that the fire 
was put out. All of the above remarks apply to tetrachloride in 
the ordinary one quart extinguisher as generally sold. It is prob- 
able that a large extinguisher which could throw a large stream 
would prove more efficient, lint on account of the great weight of 
carbon tetrachloride such an extinguisher Avould have to be spe- 
cially designed to make it readily portable by mounting on a truck 
or some similar means. Expelling the liquid by means of a hand- 
pumping arrangement would probably be unsatisfactory, and it 
w^ould therefore be necessary to force it out in some other way. 

A few systems have recently been installed in which an elevated 
tank containing tetrachloride w^as connected with automatic sprink- 
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lers or perforated pipes located in hazardous rooms whhre volatile 
and inflammable liquids are in use. So far as is known none of 
these systems has as yet been called upon to extinguisli a fire, but 
there appears to be no reason why such a system slionld not pro- 
vide excellent protection in special cases. In such systems it would 
be necessary to consider the safety of the workmen and furnish 
ready means of escape, since carbon tetrachloride is an anesthetic 
and where thorouglily sprayed through tiie air as from an auto- 
matic sprinkler it would probably produce rapid results. The 
nature and effect of the fumes given off wlien carbon tetrachloride 
is thrown upon the fire is a subject which has received a great deal 
of discussion, AYhen the liquid comes in contact witli a fire the 
vapor is partly decomposed resulting in tlie e\o]ution of a consid- 
erable quantity of black smoke which undoubtedly is di\ ided carbon. 
Pungent gases are also produced which appear to be mostly hydro- 
chloric acid vith possibly a small amount of chlorine Since car- 
bon tetrachloride contains no hydrogen from which hydrochloric 
acid can be formed this substance must be produced by the action 
of chlorine on the gases arising from the liurning materitil or upon 
the moisture of the air. The fumes of carbon tetrachloride although 
of a very pungent nature, do not produce any permanent injury 
under ordinary conditions where the operator can make his escape 
after he has inhaled all that he can stand, but they are a distinct 
handicap in fighting a fire and are one of tlie obj'ectionable features 
to carbon tetrachloride as a geiuTal fire extinguishing agent. In 
large rooms or where a small quantity of carbon tetrachloride is 
suiBeient to extinguish a fire the gases are of course less objec 
tionable. 

Frothy Mixtures. — Another method of extinguishing fires in 
oils and volatile liquids which has recently been proposed and ex- 
perimented with is that of using frothy mixtures. The idea seems 
to be a very promising one, and the tests which have been thus far 
reported indicate x^ery satisfactory results. The idea was origi- 
nated and has been developed m Germany. So far as is known no 
experiments along this line have been conducted in this country. 
The process consists essentially in causing two liquids to mix in a 
tank where foam is produced. The tank is made airtight and suf- 
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ficienlly 8tr#ng to permit of the foam being forced out by carbon di- 
oxide under pressure and the foam is conveyed to the fire by means 
of a line of hose. The exact nature of tiiC liquids has not been 
disclosed, but one of them probably consists of a sodium carbonate 
solution containing froth-forming ingredients such as glue or casein 
and the other an alum solution. The two on coming together gen- 
erate carbon dioxide, which produces froth. > Ihis froth is reported 
to be quite stiff and to shrink in volume but a comparatively small 
am'ouiit even after a period of half an hour. A number of tests 
were conducted in the winter of 1912 in ^(‘rmany; some of them 
on a considerable scale. In one ease as much as five tons of crude 
naphtha in a tank vas involved, and in another an area of 1,300 
square feet of burning tar was use I. In all cases the results 
were reported satisfactory, the fires htdiig extinguislied in a short 
time. 

The frothy mixture undoubledly oues its efficiency to its blank- 
eting action in settling upon the surface of the burning liquid, thus 
excluding the o-\ygen of the air, and to the fact that the bubbles 
of liquid contain carbon dioxide mIucIi, upon bursting, produce an 
atmosphere in which combustion cannot take place. According to 
the latest report the mattcT is still m an experimental stage, various 
details regarding the form of aj^paratus, most efficient pressure 
and design of nozzles being under consideration , but from wffiat 
has already been done it would appear that the idea is a very 
promising one. 

First Aid to Injured. — "While automobile repairing is not 
classed as a precarious occupation, accidents are frequent in the 
shop or on the road and a knowledge of first aid principles may 
often avert more serious consequences and do much to alleviate 
the pain of the injured person pending the arrival of a competent 
physician. The following information may be studied to advantage 
by all interested in mechanical work and by automobile operators 
as well. 

Shock: Shock is a sudden depression of the vital powers arising 
from an injury or a profound emotion acting on the nerve centers 
and inducing exhaustion. The symptoms are subnormal tempera- 
ture and irregular, weak and rapid pulse; a cold, clammy, pale, and 
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profusely perspiring skin ; irregular breathing ; tiie person affected 
usually remains conscious and will answer when spoken to, but is 
stupid and indifferent and lies with partly closed lips. Always be 
ssure that there is no concealed hemorrhage. 

Treatment: Lower the head, wrap the patient in hot blankets, 
and surround him with lamps or other heat giving objects. Give 
an ordinary stimulant, as black coffee, to be sip})ed as hot as it can 
be borne; half teaspoonful doses of aromatic spirits of ammonia 
may be given every 20 or 30 minutes. Small doses of whisky or 
brandy may be given, provided there is no hemorrhage. One or 
two teaspoonful every 15 or 20 minutes will help to tide the pa- 
tient over until the doctor comes. Inhalation of oxygen is often 
of much service; artificial respiration may be necessary in some 
cases. Hot applications over the heart and spine should be used if 
practical. Always hurry up the doctor. 

Fractures: A fracture is a break in a bone caused by a direct 
or indirect violence. Fractures are the most important class of in- 
juries with w^hich w^e liave to deal, not only because they render the 
victim a cripple for the time being, but because the further useful- 
ness of the limb depends upon the recognition of the trouble and 
its proper immediate treatment. Frequently ignorance or careless- 
ness in handling a fracture in the beginning renders the sufferer 
an invalid or cripple tliroughout his life. 

T reatment . In examining the fracture great gentleness in hand- 
ling the part should be exercised. The limb should be handled as 
little as possible. If the nature of an injury is in doubt, it should 
be treated as a fracture until the doctor arrives. Never allow a 
person suffering from a broken limb to be moved until the part is 
properly supported by splints. To treat a fracture, draw the frac- 
tured limb into a natural position and hold it there by the appli- 
cation of splints. 

Dislocations: A dislocation is a complete separation or displace- 
ment of the surfaces of a joint, capsed usually by direct violence, 
but may sometimes be produced by indirect violence or sudden mus- 
cular contraction. The symptoms are: Pain, swelling, discolora- 
tion, rigidity; the natural position of the limb is changed; the 
length is altered. 



First Aid Principles 

Treatment: Restore the bone to normal position and hold it in 
place. To properly reduce the dislocation, some surgical skill and 
knowledge of the anatomy of joints aipe required. First-aid men 
should never try to reduce any dislocations except those of the jaw 
and fingers. 

Sprains, A sprain is a twisting or wrenching of a joint, pro- 
ducing a tearing of the ligaments and sometimes of the surrounding 
soft parts. It IS followed by s<‘vere pain a ad marked swelling and 
discoloration. Sprains are important injuries and should be prop- 
erly treated immediately, as sometimes permanent disability may 
follow failure to give them proper care. They are very often more 
serious than a fracture 

Treatment Let the injured jierson rest; elevate the injured 
part and fix it in place either Math splints or by wrapping the 
joint tightly Math a roller bandage or Math adhesive plaster. Give 
hot or cold applications by placing tlie injured part in hot or cold 
M^atcr or by the application of toM^els wrung out of ice water or 
hot M’ater. 

Strains' A strain is the M^rcnching or tearing of a muscle or 
tendon and is usually caused by violent exertion or sudden unex- 
pected nun'ements. A strain generally occurs in the muscles or 
tendons of the arms or legs. The symptom is sudden, sharp ex- 
cruciating pain, 

Tiratwoit Let the injured person rest; bandage the injured 
part tightly or apply adhesive plaster. It is sometimes necessary 
to prevent movement of the part by splinting. 

Burns and Scalds Burns are caused by exposure of the body 
to dry heat, such as the heat of tire or explosions of gas and powder, 
whereas scalds are })rodneed by moist heat, as the heat of boiling 
water or steam. The danger from a burn depends upon its depth 
and extent, and also on the age and general condition of the per- 
son injured. 

The symptoms in a first -degree burn are : Severe, burning pain, 
reddening of the skin, formation of blisters; in a second-degree 
burn destruction of the skin; in a third-degree burn, destruction 
of the skin and some of the tissf»eneath. In severe burns shock 
is present. 
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Treatment: Carefully remove the clothing from the burned 
part, exclude the air as quickly as possible from burned surface 
with some clean covering and treat for shock. 

^ The most generally used covering for burns is picric-acid gauze. 
This is ordinary sterile gauze which has been saturated with one- 
half to one percent, solution of picric acid. It has this advantage — 
it is clean and ready for use. Moisten the picric-acid gauze with 
clean water and put it over the burned surface. Over the gauze 
place a layer of absorbent cotton then apply a bandage to hold 
in place. 

Carron oil, wdiich is a mixture of equal parts of liiueAvater and 
lilted oil, IS often used, and is very good. It is ajiplied as follows 
^'^Take a piece of sterilized gauze large enough to cover the burned 
surface, saturate the gauze with earron oil and cover the burn. 
Dress with absorbent cotton and cover with a bandage. 

Vaseline, sweet oil, olive oil and balsam oil are all good dress- 
ings. If nothing better is at hand dissolve some bicarbonate of 
soda in sterilized water. Gauze wTung out of this and spread over 
the burn will give relief. Remember tliat severe burns are accom- 
panied by shock, and always treat a burned patient for shock as 
well as for burns. 

Schaeftr Method of Artificial Respiration Free the victim from 
electric current conductors or in case of drowning, roll on a barrel 
to expel water and instantly remove him to fresh air. Rapidly feel 
with the finger in his mouth and throat and remov(^ any foreign 
body (tobacco, false teeth), tlien begin artificial resi)iration at once. 
Proceed as follows. 

Lay the subject on his stomach with arms extended as straiglit 
forward a.s possible and with face to one side so that the nose and 
mouth are free for breathing. Let an assistant draw forward the 
subject's tongue. 

Kneel straddling the subject's thighs and facing his head; rest 
the palms of your hands on the loins (on the muscles of the small 
of the back) with the fingers spread over the lowest ribs (Pig* 
467 A). 

With arms held straight, finjj^s forward, slowly swing forward 
so that the weight of your bod^fe gradually and without violence 
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brought to bear upon the subject (Fig. 467, B). This act should 
take two to three seconds. Then immediately swing backward so 
as to remove the pressure, returning to the position swing in Fig. 
467, A. Eepeat regularly 12 to 15 times per minute the swinging 
forward and backward, completing a res[>iration m four or five 
seconds. 

As soon as this artificial respiration has helm started and while 
it is being conducted an assistant should hnisen anv tight clothing 
about the subject’s chest or \vaist. Fontiniu* the artificial respira- 



Fig. 467. — Illustrating Sliaefer Method of Artificial Respiration. 
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tion interruption until natural breathing is restored (if 

necesi^^ two hours or longer) or until a physician arrives. If 
natural breathing stops after having been restored, use artificial 
respiration again. Some patients have been revived after several 
hours of hard work. 

As soon as signs of life appear the lower limbs should be ele- 
•va^l^^and rubbed vigorously toward the heart. Hot applications 
should be used over the heart if practicable. If the patient gams 
consciousness and is able to swallow give hot coffee or half-tea- 
spoonful doses of aromatic spirits of ammonia and treat as in shock. 
Do not put any liquid in the patient ^s mouth until he is fully con- 
scious. Give the patient fresh air, but keep him warm. 

Send for the nearest doctor and pulmotor as soon as the acci- 
dent is discovered. 

Automobile Repair Shop Medicine Chest. — The following ex- 
tracts are from an article by Dr. W. R. Ingraham published m the 
Scientific American, The instructions are so x>lainly given that 
they can be followed to advantage by the repairman and machinist, 
and the various remedies and supplies mentioned may be advan- 
tageously included in the shop equipment because the varn^tri minor 
accidents that may hapjjen m the shop may be treated by some 
shopmate or member of the clerical force trained for tilis duty, and 
men kept at work after minor wounds are dressed. 

Remedy for Slight Bums. — Does the Handy Man’^ ever burn 
himself? Of course. One of the best, most convenient remedies 
he can use is solution of picric acid in water. It is very satisfying 
and just a little gratifying to have the excessive pain of first degree 
burns instantly quieted. First degree burns are superficial, and 
the nerve endings, not being destroyed as in the deeper second and 
third degree burns, set up a howling remonstrance in the way of 
pain. Picric acid of a strength 1 to 200 (about one-third teaspoon- 
ful to one pint of water) or a saturated solution is used. It is 
antiseptic and will prevent suppuration. It is analgesic and ''will 
make it feel good.’’ It stains yellow, but the stain comes out in 
the wash. Keep a small vial handy. When you get a burn (if 
skin is not broken), sprinkle a little acid in a basin of water. Satu- 
rate a strip of gauxe or cloth with this and bandage in place. In 
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a very little while (or as soon as the picric acid coagulates ^^tbe 
albuminous exudate) the pain is quieted. 

For Deep Bums. — Use picric acid as above for deeper burns 
(blisters and broken skin) but more carefully. Pour a little alcohol 
in the basin to be used. Roll it about so that the alcohol wets all 
the inside. Set it on fire and every germ m that pan dies in> 
stantly. Pour water that has been boiled from the teakettle into 
the pan, and add the picric acid. Bandage the bum with clean 
aseptic gauze and saturate it with solution. Blisters should be 
opened and contents expressed. Open them with a needle, the busi- 
ness end of which is sterilized by holding in the flame of a match. 
The soot wdll do no harm. For still deeper burns or bums of large 
area (third degree) much can be done by the above to alleviate 
suffering until a physician can be had, but send for him at once. 
The attending shock is serious. 

For Small Cuts and Abrasions. — If the Handy Man cuts his 
finger or knocks the skin off his knuckle he should proceed as fol- 
lows: 1. Cleanse the wound. Hydrogen peroxide is becoming a 
favorite antiseptic and with good reason. Besides being a germ 
killer it acts and cleanses mechanically. Its effervescence dislodges 
and carries away dirt and any foreign matter that might infect 
the wound. Try it on a splinter of decayed wood at which you 
have picked and fussed in an endeavor to extract. The hydrogen 
peroxide boils'’ it right out. Therefore cleanse the cut by pour- 
ing on from a bottle a little of it, full strength. (A medicine 
dropper is convenient.) 2. Dust on a little aristol. Aristol is an 
iodine compound, having the useful antiseptic properties of iodo- 
form, but lacks the disagreeable odor and irritating properties of 
the latter. With the exudate from the wound it forms a good arti- 
ficial antiseptic scab. It may be purchased m small sifting top 
bottles. 3. Apply a protective dressing. 

A bit of absorbent cotton pasted down over the wound with 
collodion forms a stiff protecting shield, w hich stays in place. It 
may be washed over with soap and water and will not require re- 
newal for two or three days. For a contused finger nail, or cut near 
the end of a finger so liable to painful knocks it forms a stiff, com-, 
fortable thimble that is soft inside, looks better than a rag and 
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doesliot interfere with work. For smaller, more superficial wounds 
than the above a useful dressing, better than the questionable court 
plaster, or even adhesive tape, is collodion, to which has been added 
aristol or iodoform (50 grams to the ounce). A small glass rod, the 
ends of which have been made smoother by melting with a blowpipe 
in an alcohol flame, makes a convenient applicator for the collodion. 
Pass it through the cork and leave it in the bottle permanently 

For Wounds and Painful Injuries. — In case of a deep wound 
the collodion dressing is not applicable and the soothing properties 
of a moist dressing are desired. Pour a measured (piart of water 
into the basin to be used. Gauge the quantity with your eye. Throw 
out the water and sterilize the basin (as above) by pouring a little 
alcohol into the basin and rolling it about to wet all the inside. Set 
it on fire with a matcli and the basin is thoroughly sterilized. Pour 
a quart of water that has la^eii boiled directly from the teakettle 
into the basin. One tablet of bichloride of mercury (as usually pre- 
pared) makes a 1 to 2000 solution when added to the (|uart of water. 
Sterilize another smaller basin by the method described above and 
pour a part of the solution into it for later use. Cleanse the wound 
as thoroughly as conditions permit. ^ 

Hydrogen peroxide of full strength or diluted wdth water is 
usually sufficient. If the wound is very dirty and much l^eerated, 
as machinists^ w’ounds are apt to be, the following methodf 'bf clean- 
ing IS perhaps better • 

Add to 1 quart w arm w^ater m which the wound is to be washed 
2 teaspoonsful lysol. {This makes about 1 per eent.^ solution.) 
Lysol has an odor similar to carbolic acid, but is not so poisonous. 
It forms a soapy solution, hence its value as a cleansing agent. It 
numbs the parts and makes them less sensitive to pain. The part 
should now be thoroughly irrigated with the bichloride solution in 
the larger basin, being sure that all the lysol solution is removed 
from the wound. 

Surgically clean gauze (sterilized, aseptic) is now bandaged 
over the wound and moistened with the clean bichloride solution 
saved in the smaller basin for this purpose. Bandage lightly. If 
the gauze dries and the wound becomes painful inside of 4 hours, 
remove the outer plain bandage and moisten the gauze with the 
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solution again. Use weaker bichloride of mercury solution for th6 
next and succeeding dressing (1 to 4000)^ If too strong, the heal- 
ing granulations may be retarded. 

Home Made Aseptic Gauze. — Plain aseptic gauze (absorbent) 
may be prepared at home by the following methods For each five 
yards of ordinary cheese cloth use one-quarter pound common wash- 
ing soda to sufficient water to cover the gauzes Boil for one-half 
hour and rinse in several changes of water to remove the soda. 
This process removes the fat or oil from the fabric and makes it 
absorbent. After it has been dried it is cut into suitable sizes — 
strips one yard long and four inches wide are convenient The 
gauze is sterilized and packed ready for use in the following man- 
ner: Screw top jars vith caps are placed in a large bread pan, 
and the gauze is arranged loosely m the other end of the pan. 
Place in the oven and bake until the gauze begins to scorch 
slightly. Remove the i)an and all to a table and vhile hot pack 
the strips into the jars. Use a pair of forceps or long tweezers 
and n lihort wire for this piirjxise. The tips of the tweezers and 
wir^ should be made sterile by passing through an alcohol flame 
several times, or they may be sterilized by baking with the jars 
and gauze. Seal the jars and you have a good supply of aseptic 
gauze ready for instant use. When using the gauze it is well to 
remove the strips with a pair of tweezers, the tips of which have 
been sterilized in an alcohol flame. This avoids possibility of con- 
taminating the gauze left in the jars. A quick convenient alcohol 
flame may be had by saturating a small pledget of cotton in the 
mouth of a bottle. 

Moist bichloride gauze, which is expensive to buy, yet invalu- 
able in case of accident, is made as follows : Prepare and pack the 
gauze as above. Then prepare a 1 to 1000 solution of bichloride 
as just explained (burning out the pan with alcohol and using 
fioiled water). Pour this solution over the gauze in the jars until 
it is thoroughly saturated and allow it to stand for 24 hours. Pour 
off the excess and seal it air-tight. If dry bichloride gauze is de- 
sired prepare the gauze as above, dry it thoroughly in the oven and 
repack. However, the moist gauze is to be preferred. In using 
this gauze observe the precaution stated above, i.e., use weaker 
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antiseptics after 24 hours and for subsequent dressing. Moist 
picric acid gauze for burns may be made and kept in a jar for im- 
mediate use as follows: ’^Prepare and pack aseptic gauze, as above. 
Prepare a picric acid solution in the manner described (1 to 200) 
and pour it over the gauze. Let it stand and then pour oflf the 
excess and seal it air-tight. 
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HINTO AND KINKS 

Hacksaw Blade Reflector — Holding Polished Pipe — Easily Made Soft Hammer 
Straightening Shaft on Planer — Holding Small Work Without a Vise — 
Holding Small Work in Vise — Putting on loots — Illuminated Magnet — 
Removing Keys — lYuing Crankshaft — Repair of Broken Gear Case — Sim- 
ple Priming Device — Coal Gas for Engine Testing — Warming Manifold 
for Easy Starting — Stopping Fuel Pipe Leaks on the Road — Use of Tap — 
Some Threading Kinks — Removing a Stud — Removing Stubborn Nut — 
Use of Nuts and Bolts — Placing Nuts in Diflicult Places — Forming Rod 
Ends — Winding Springs in a Vise* — C'utting Sheet Metal — ^How to Make a 
Wiped Joint — Forms of Keys- — How to Make Keys and Keyways — ^Wood- 
ruff Key Sis^es — Nut Locking !Means — Shop Uses of Arbor Press and 
Wheel Puller — To Make Wood Acid Proof — Sharpening Old Files — Cheap 
Blackening of Brass — Heat Proof Paint — Etching — L se of Tools — Drilling 
Holes in Glass — Making a Magnet of a File — Peculiar Cause of Knock- 
ing — Rust on Tools — Screw Cutting Gears — Restoring Dull Polished Iron 
or Steel — Speed of Grindstone — Cleaning Brass Castings — Pipe Joint 
Cement — Diilliiig Hints — Body Polishes — Care of Tops — Leather Uphol- 
stei } — Cloth Upholstery 


Hacksaw Blade Reflector Useful —When sawing metal with a 
hacksaw and trying to saw it to a line which has been scribed on 
the surface the task is found very difficult unless there is good 
light. A workman in a shop where the writer was employed made 
a reflector for his saw so that it could throw a good light on the 
work. A round disk of brass was made as shown at Fig. 468 , B. 
The disk w^as turned so as to have a collar at the back ; a slot was cut 
through the center of disk so that it could be slipped over the saw. 
A %64nch set screw in the collar served to hold the disk in place 
while in use. Some white enamel was spread over the faco of disk 
to provide a good reflecting surface* A better reflecting surface 
would result if the disk were nickel plated. 

959 
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Holding Polished Pipe in Vise, — A very good way to hold pipe 
or rods having a polished surface is to sprinkle dry plaster of Paris 
on heavy paper and roll in this paper the article to be held, having 
plenty of powder between the paper and the polished surface. 
Place the roll between blocks of wood having hollow faces and 
clamp firmly in an ordinary bench vise. When removing the paper, 
if the plaster adheres to the pipe in hard cakes, do not scrape but 
wash the surface in clean water, which will loosen the plaster and 



Fig. 468* — Straiglitening Shaft on Planer at A. B — Hacksaw Eellector. 
C — ^Holding Small Work Without a Vise. D — ^Holding Polished Pipe* 
E — ^Holding Small Work for Filing. F — Making Soft Metal Hammer. 
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leave the pipe in perfect condition. Another method is to place 
the pipe between pieces of lead sprinkled with plaster, and use 
a pipe vise for a clamp. A means often employed by mechanics 
who handle quantities of polished pipe is to face the hollowed wood 
blocks with soft felt, wdiich is sprinkled with crocus or plaster of 
Paris to increase the friction. The method is sho»vn in sketch Fig. 
468, D, which is self-explanatory. 

An Easily Made Soft Hammer. — A soft hammer often comes 
in handy around an automobile vherever heavy driving is to be 
done on metal that must not be marred or scratched. Nearly every 
automobilist carries a hammer of some sort around and is there- 
fore loath to believe that another hammer, even a soft-face one, is 
a necessity. "Whenever metal parts are to be protected he i)rotects 
the driven piece with wood, leather, or other soft substance There 
IS nothing handier, however, than having a hammer that is soft 
and various types have been made for ditferent kinds of machine 
shop usage, some out of all-metal from pipe and pipe fittings and 
others similar to the one in Fig. 468, F. To make this one, use an 
ordinary gas pipe that will easily slip over the head of the hammer 
and cut off a suitable length so that when finished and assembled 
the proportions will be about as indicated. Saw^ out any number 
of V^s from the pipe so that when the teeth are bent iinvard a 
spring is formed that will snugly catch the head of the hammer. 
After the Ws are cut out of the pipe, slip the i)ii)e over the head 
and arrange for pouring the lead or babbitt. The mold is easily 
made by submerging nearly the w hole hammer in sand or by filling 
the space belw’een the pipe and hammer head with putty. Part 
of the hammer head should be surrounded wuth the poured metal 
in order to insure a good, close fit, but the fit must not be too close. 
It is W'ell before pouring, to wTap a single tluekuess of paper around 
the head, holding it in place with thread or string. Lastly, bend 
the teeth to produce tlie springdo('king effect and you have a nice 
serviceable bammer. As soon as the face is wmrn it is a simple*^ 
matter to repair it by melting out the soft metal, and remolding it. 

Straightening Shaft on Planer.— It is sometimes possible to 
straighten a long shaft or tube, such as a propeller shaft or live 
axle on a planer bed if no straightening machine is available. The 
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xaethod is clearly shown at Fig. 468, A. The shaft is placed on the 
planer bed resting on wood blocks supported by that member, ^ 
screw jack is placed between the planer head and on the bent por- 
tion of the shaft and pressure is thus easily exerted to straighten 
the defective axle. This is so placed that the high point is directly 
under the jack so that the pressure exerted by that member will 
tend to bring the shaft or tube back in line. 

Holding Small Work Without a Vise. — It is often necessai^ 
to make repairs on the road and some minor part must be securely 
held for filing or other fitting wiiicli is difficult to do if a vise ^ 
not available, A simple method of holding a key or pm or similar 
small parts is shown at Fig. 468, C. A large monkey wrench, which 
IS included in most automobile tool kits, is used as a vise and while 
it is difficult to secure the proper degree of clamping pressure by 
the movable jaw adjusting screw alone, sufficient pressure to hold 
the key securely may be easily obtained by placing a bolt between 
the wrench jaws and the piece to be hdd in the manner indicated* 
Considerable pressure may be exerted by holding the bolt head 
from turning with one wrench and screwing the nut at th^ end of 
the bolt out against the fixed wrench jaw with another" wrench. 
If it is desired to hold a round piece a shallow' groove may be filed 
in the bolt head to prevent it from slipping from the work. 

Holding Small Work in Vise. — When filing small screws, bolts, 
or pins that would be difficult to hold in a vise on account of dan- 
ger of marring the surfaces the best method is to drill holes in a 
wooden block to receive the screw and cut a slot from the end of 
the block dovm to the hole. When the vise jaws are tightened up, 
they clamp the piece firmly and it may be filed with ease as indi- 
cated at Fig. 468, E. 

Eemoving Keys. — On a number of cars of early vintage, such 
as the double cylinder Maxwell and on many marine engines, the 
flywheel is held on the crankshaft by means of jib keys. When 
it is desired to remove the flywheel as is necessary to withdraw the 
crankshaft from the engine base when rebushing the bearing, dif- 
ficulty is sometimes experienced in removing the key. A very ef- 
fective method of accomplishing this is shown at Fig. 469, A. The 
key extractor or puller is forged of steel as indicated having two 
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hooks at the ends formed on curves of different radii. The one 
h|aving the more gradual curve is used first to start the key while 
the one having more abrupt curve is employed for withdrawing it« 
When the key puller is placed between the head of the key and the 
hub of the flywheel a cam action is obtained by which the pressure 
of the hammer blows on the other end of the key puller is increased 



Pig, 469.— A— Removing Jib Key. B— Method of Truing Crankshaft. 
C— Kepair of Gear Case with Babbitt Metal. B — ^Use of “Putting* 
On“ Tool K— Illuminated Magnet, 




964 Automobile Repairing Made Easy 

many times and the key easily started. If the key is rusted in place 
or if it has not been removed for a long time it may be found desir- 
able to heat the end of the shaft with a blow torch or to soak the 
rusted parts with kerosene. 

Truing Crankshaft. — The method of holding a crankshaft when 
it IS desired to true the crank pm journal shown at Fig. 469, B, is 
a very practical one and is followed by a number of mechanics 
when overhauling an engine. The journals are often not roughed 
up <^ugh to warrant dressing them down in a lathe, so the crank- 
sha^ may be securely clamped in a vise between wooden blocks 
and the journals dressed down wuth strips of emery cloth or with 
a leather belt or strap covered wdth oil and abrasive material. 

Repair of Broken Gear Case. — An emergency repair of the 
gear case that has been injured by a nut falling between one of 
the gears and the bottom of the case is shown at Fig. 469, C. The 
repairman w’ho made this repair did not have an autogenous weld- 
ing outfit so the hole was filled up wuth babbitt metal 83 shown, 

A Putting-on Tool. — How often at some time or other, have 
mechanics wished for something in the way of a putting-on tool! 
As it is always easy if a piece is too large, to remove metal in 
order to bring it to proper size this proposition does not worry even 
the poorest mechanics. But what is tcf be done if the piece is too 
small? A common method and a brutal one is to take a center 
punch and upset the surface of the metal, in order that it shall be 
a tighter fit in the hole. A bushing or a rod, if not too small, is 
often treated in this manner, and may be forced into the hole. A 
more effective method of ‘‘putting on"’ is by means of a common 
coarse knurl, knurling the bushing the entire circumference in 
several jilaces. This will have the effect of expanding the outside 
diameter almost of an inch, if desired, and is much neater and 
infinitely superior to the use of prick punch marks, which is an 
unsightly and unreliable method of increasing the effective diame- 
ter. The great advantage of knurling is that the metal is equally 
and uniformly expanded, does not look bad if for any reason the 
bushing or rod is withdrawn and what is more important for any^ 
thing that must be a tight fit, it wdll never work loose. 

Illuminated Magnet. — An electric searchlight and electro-mag- 
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net has been brought out by an English concern and should prove 
a useful tool in repair shop. It consists of a handle, on one end of 
which is the magnet, while above the latter is an electric bulb which 
sends light through two windows, as presented at Pig. 469, ,A 
flexible cord passes through the instrument and is attached to a stor- 
age battery or dry cells. The magnet is utilized to pick up nuts, 
bolts or pieces of metal that may drop into the crankcase or other 
places not easily reached by hand, and is said to be sufficiently 
powerful to attract a good sized wrench. The light facilitates find- 
ing the parts, may be used to ascertain tlie amount of gasoline in 
the fuel tank or lubricant in the crankcase and to inspect other 
places. In addition to being liandy in the garage it could be in- 
cluded in the tool equipment of a car and used m connection with 
the roadside repairs. 

Simple Priming Device. — Several simple priming devices may 
be constructed by anyone of average mechanical ability to facili- 
tate motor starting in cold weather. One such equipment is shown 
at Fig. 470, B, and comprises a dash priming cup, tubing con- 
necting it with the intake manifold, and a spraying device, which 
is shown separate in the drawing. It wull be noted that the last 
named member is perforated. To utilize the primer a little gaso- 
line IS poured into the cup on the dash and the lever turned slightly 
to admit the fluid, also a little air. The fuel flow^s through the tube 
to the perforated member, and upon cranking the engine, the air 
drawn in through the carburetor and peteock breaks up the fuel, 
converting it into a rich mixture. It is stated that the motor will 
start on the second or third crank even in the coldest w^eather. The 
material required to install the primer consists of a petcock, wffiich 
is secured to a plate on the dash ; a connector having a tubing and 
a pipe thread end, yi-iuch annealed copper tubing, and a union. 
To the last named is soldered a piece of brass tubing wffiich is 
drilled full of No. 62 drill holes. Its length should be approxi- 
mately that of the diameter of the intake pipe into which is in- 
serted by drilling and tapping a hole. Tin- manner of installing 
the parts is clearly depicted in the drawing. It is stated that the 
equipment described can be made at a slight cost. A simpler in- 
stallation is shown at A, this consisting merely of a peteock 
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“hl^aded into the intake manifold. It has the disadvantage that 
it must be reached to be filled by raising the hood. The owner of a 
model T Ford states that he has obtained increased mileage by the 
of the primer, as the petcock on the dash may be opened to 
admit auxiliary air. In average running in warm w^eather he has 
secured 26.5 miles to the gallon, and 32 miles in long trips. 



rig. 470. — A — Simple Priming Device. B — Simple Priming and Aux- 
iliary Air Device. C — Coal Gas and Air Mixer. D — ^Method of 
Warming Carburetor. E — Emergency or Fuel Pipe. 

Coal Gas for Testing Engines. — The Willys-Overland Co., 
Toledo, Ohio, uses city gas for testing and ‘'running in^' engines 
in its testing department. The company has constructed a special 
mixer which fits the inlet manifold and takes the place of the car- 
buretor. This is shown at Fig. 470, C. The housing is a cast iron 
cylinder having a threaded boss on one side for attaching to the 
gas supply at A. Level with the gas inlet are two air ports, B 
Threaded into the bottom of the housing is a plug, the objec^bf 
which is to rotate a sleeve immediately above it around in 
direction or the other as may be required for the adjustment; this 
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sleeve is connected to the threaded plug by two sliding keys (Si^ot 

shown in drawing) . 

Bunning through the plug is a rod threaded at the upper end 
which' permits of the sleeve being raised and lowered as may be 
required, but which will not rotate it on account of the sliding 
keys that move up and down in corresponding slots in the plug; 
the plug is locked in position by the screw, C. When setting the 
mixer in testing an engine, the sleeve is first rotated by the plug 
to obtain the correct proportion of gas and air, usually to a posi- 
tion as shown m section AA. Note tlutt the gas supply is con- 
siderably smaller than the amount of air allowed* When this ad- 
justment is made, the plug is locked by screw C. Then the speed 
of the motor can be regulated by raising or lowering the sleeve with 
the threaded rod running through the plug. This makes a very 
simple and inexpensive device which is entirely satisfactory. Be- 
sides saving fuel, it does away with the danger from split gasoline 
in the test shed. 

Stopping Fuel Pipe Leaks. — One of the simplest emergency 
methods is to utilize a section of rubber tubing which is slipped 
over the metal pipe, but if the break be in the center of the line 
the vibration would tend to chafe the rubber. The latter should 
be braced by splints and the manner of attachment is shown at 
Fig. 470, E. Where this is not obtainable a repair may be made 
witb ordinary friction tape. Strii)s of wood are laid lengthwise 
on a first winding of tape and in the same direction as the line 
and the outer tape wound as depicted at E 1, being tied with twine. 
The wrapping should be snug where the break occurs to prevent 
leakage of the fuel. A small crack may be treated in a similar 
manner or by using soap and tape as the former is not affected by 
gasoline; in fact, a piece 6f this material is invaluable in the tool 
kit. Shellac may also be used in conjunction with tire tape. A 
piece of rubber hose from the acetylene gas line may be used to join 
the^bro^en pieces of tube temporarily, 

^ . Waradiig Manifold for Easy Starting —One finds numerous 
i^ructions for easy starting of a gasoline engine under conditions ^ 
-Ci|;low temperature when the gasoline does not evaporate readily, 
^^ome ill advised writers have recommended the use of hot cloths 
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heated by bfeing saturated with boiling water, others have been ad- 
vised to heat the manifold with an ordinary blow torch. The ne- 
cessity of keeping the naked flame away from gasoline is apparent 
to any one familiar with this liquid and it is also evident, that 
water dripping from a saturated cloth in through an auxihai^ air 
valve so it would get into the carburetor mixing chamber would 
cause considerable trouble on account of being matter out of place 
Au excellent method of heating a carburetor or manifold without 
danger is to use a tube of cloth or long bag which is filled with 
sand and placed in an oven after which it may be wrapped aroilud 
either the carburetor or manifold as showui at Phg. 470, D, without 
any danger of fire as is present when a torch is used or getting 
water into the carburetor as is possible wdien w’et cloths are de- 
ployed as a lieating medium. ^ ^ 

The Use of the Tap. — The true mechanic can always be known 
by the way he uses his tools, and care must alw^ays be taken that 
the right way is emifioyed, because improper use has shortened the 
life of many good tools. Taps and dies are commonly abused, and 
often broken. You wull never see a thorough mechanic using a 
monkey wrench on a tap. He w’lll t(41 you that tliere is a one-^ded 
force against the ta]), especially if the metal being three at 
all liard, that will invariably break the tap. It is obvious 
wrench supplied and called the tap wrench is all that to 

used for this purpose, as both its arms are of equal lengths, "^8 
there are no bending strains against the tap. Then there is tlie 8^: 
fortunately most of these are used with the proper holder, 
as a die stock, and they are not as easy to break as the more fragw 
tap. The end of the blank rod which it is desired to thread sho^W 
be carefully filed or turned to a slight taper, so that the die w|ll 
fit it with ease, and have a chance to staVt. Then care must be ob- 
served to prevent wabbling of the die, wiiich might break some of 
the cutting teeth, or w'ould cut a very inaccurate thread. When it 
is desired to cut threads to a shoulder the die may be used the 
regular way as far as possible and then reversed, which will cut 
threads right to the shoulder. Never try to start a die with the 
reverse side, because it will be jiractically impossible to obtain a 
‘good thread. 
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471. — A, B, C, D — Illustrating Use of Tap E — How to Remove 
Studs. F, G — Placing Nuts and Bolts in Difficult Places. H — How 
/ to Remove Stubborn Nut. I — Easily Made Thumb Nut. 

The care to be used with a tap or die varies according to the 
"Materials to be threaded. If cast iron or brass be tapped, a mini- 
ihum of the lightest cutting oil should be employed, whereas 
wrought iron or steel will require the constant use of a cutting ^# 
Kever use machinery or cylinder oil with a tap or die , lard oil 
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should always be at hand for this use. In iron or steel the tap 
should be worked in gently, and with quarter turns backward and 
forward as soon as it begins to take hold. If the hole is deep, care 
must be used and the tap removed occasionally to clear it of chips. 
Tap sets are usually composed of three of each size, two of which 
have an appreciable taper at the end, the other is the same size all 
the way, and is slightly chamfered at the end. That with the 
greatest taper or ^'leading ’’ tap is used first, followed by the next 
one, which is known as the No. 2 or ''following’’ and last of all 
the No* 3 or "bottoming” tap. The bottoming tap should never 
be u#d except after both of the others have been used as far as 
pbssible. A bottoming tap is very useful to clean out or enlarge a 
thread that is already tapped but which may be a trifle small. 

Some Thread Cutting Kinks. — The repairman often has occa- 
sion to cut left hand threads in nuts or on bolts and it sometimes 
¥ 

happens that a left hand tap or die is not available at the moment. 
A right hand tap can be used to thread a rod to make a bolt or 
for tapping a nut with a left hand thread by observing a few sim- 

^ple precautions. The illustration at Fig. 471, A, shows how to 
thread a rod with a right hand tap so it will act in the same ^ay 
as a left hand die. Two holes are drilled in a piece of liard.i^’v^od 
in such a manner that they cut into each other, the size q%the hole 
being equal to the diameter of the piece to be threaded. fTbe tap is 
screwed \nto one and held rigid, the other serves as a guide for 
the bolt or rod upon which the threads are to be cut, causing it 
to bear against the outside cutting edge of the tap. By turning 
the rod in a left hand direction a left hand thread will be cut, both 
the pitch and cutting edge of the tap being true enough for this 
purpo.se. Parallelism of threads wull depend on the operatot^ . 

When the tap is to be employed in tapping out a nut, the altera- 
tion shown at Fig. 471, B and C, is necessary. A four-fluted right 
hand tap is changed into one having but two cutting edges by 
grinding off two of the flutes. On considering the remaining two 
cutting faces, it will be seen that the point of the thread on one 
side is on a line with the bottom of the thread on the other. This 
form of tap will cut either right or left hand threads depending 
upon the direction of rotation. Steel and brass, as well as cast 
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iron, have been tapped succmsfully by thm method. After 'a nut 
is tapped, should it prove too small for the bolt it is intended to 
fit, it may be easily made larger. A sniall piec^* of tin is placed 
over the end of one of the flutes of the tap, as shown at Fig. 471, D. 
The tap is "‘run through’’ again and it will be found that the piece 
of tin crowds the tap to one side and cuts a considerably larger 
liole than before. If the nut should not prove large enough, an- 
other piece of sheet metal may be placed over the first one, which 
iias assumed the contour of the threads. 

Bemoving a Stud. — Nothing marks the slovenly mechanic more 
than the methods he employs in performing his work, as well as 
the use of the improper tools for different operations. He will 
cheerfully use a screw driver as a cold chisel or a monkey wrench 
as a hammer, with but little care of the consequences, both to the 
tool and the work. It is this class of ''mechanic” who will use a 
Stillson or pipe wrench upon a stud in essaying to remove it from 
the work, marring the appearance, as well as often destroying its 
usefulness by injury to the threads. Two methods are shown at 
Fig. 471, E, of removing a stud without damage to any part, the | 
simplest being by the use of two nuts, the more mechanical by 
means of a simple device or tool. Where two nuts are employed one 
IS used as a check or lock nut for the other. The two nuts are 
tightly locked to each other and tlie pressure to remove the stud 
is applied to the lower one. It may be necessary to hold the top 
nut by means of another spanner or end wrench to prevent it turn- 
ing upon the stud instead of wuth it. 

A very efficient and simple device for removing studs may be 
made by any ordinary man familiar with the use of tools. This 
consists of a body C which may be made of a piece of hexagonal 
or square stock ; either bronze or steel is preferred to cast iron, be- 
capse the threads are much stronger in such metals. A hole is 
drilled through of suitable size and a tap is run down through the 
hole and a suitable tliread cut to fit the stud to be removed. A 
cap or set screw (A) completes the device. To use, the body is 
screwed upon the stud for a certain distance and the set screw is 
then screwed tightly against the end of the stud. If the body is 
made of round stock, flats should be filed on the sides in order to 
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hold a wrench. If square stock is available, it will be preferable. 
This device is very handy and should be made in several sizes, for 
the various standard stud sizes which are mostly used in mechani 
cal work. A set should form part of every mechanic’s personal kit 
because they are inexpensive, and when required are worth their 
weight in gold. 

Removing Stubborn Nut. — While a stubborn stud or sheared 
bolt is difficult to remove, one can usually unscrew a nut without 
much trouble, even if it has become more or less rusted in place 
A good method to take off a nut that seems to resist being parted 
from its stud or bolt more than usual is to heat an open spanner 
that fits the nut and let it rest against the nut for a few' minutes 
The heat will sometimes expand the nut without producing corre- 
sponding expansion of the bolt and it may be unscrewed. The 
spanner or end wTench may be heated m a lilow' lamp flame, and 
wdiile this kink is very old it is not generally knowm. One should 
not heat a hardened w'rench or an adjustable member as it may b(‘ 
rendered unfit for use. The blow larnx) flame should not be applied 
to the nut direct because the bolt will be heated and will expand 
as w^ell as the nut. Kerosene may be poured around the threads 
with good results, especially if the nut has rusted in place. Several 
alternate heatings and applications of kerosene oil may be needed 
before the nut is loosened and if it still resists, a light tapliing with 
a hammer on all the facets w'hile it is hot may assist in having it 
become looser on the threads. 

Use of Nuts and Bolts. — IMast of the parts of the motor car ar(‘ 
held together by wiiat is known as a bolt and nut, especially if 
the component is one wiiich must be removed from time to time* 
for inspection, adjustment or repair. There is no part of the cai 
which is subject to more abuse than the bolts and nuts, and these 
parts are often damaged by carelessness or ignorance so that new 
ones must be used. This is not a serious matter if the bolt is 
a standard form, but if a siiecial size fitted with an odd thread, 
it must be evident that a new one can only be obtained from th(* 
factory or made at the local machinist’s at some expense. If diffi- 
culty is found in causing a bolt used to hold together two parts to 
fit the holes with ease, the chances are that the two pieces are dis- 
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placed a^ijgularly, and one slioidd not attempt to put in the bolt by 
brute force. A good plan is to use a taper 7 >uncli, smaller than the 
bolt at the point and larger at the other end, this is first driven 
into the hole, and tends to bring the i)arts into prop)er alignment so 
that the bolt may be easily inserted. 

Many bolts and studs and their nuts : re damaged by care- 
lessness in starting the nuts cross threaded, and then using a wrench 
to forcibly turn tliein on. Nuts should be carefully started with 
the fingers and one should as(‘ertain that the threads engage prop- 
erly before pressure is api>]ied. Bolts are very often spoiled in 
driving them out from tin* parts in which tliey are located. If 
they do not start readily one is oftcui tcmjited to use a hammer 
upon them, witli the result that the ends of the threads are burred 
over and one has trouble in replacing the nut A stick of hard 
vcKxl, a piece of filnu*, or a junk of soft lirass, copper or lead should 
be interposed betweim the hammer and the end of the bolt to pre- 
vent damage of this kind. Most mecluinics have either a lead or 
copper hammer for tins ]nir})ose, and the writer has seen motorists’ 
kits vhicli had this useful tool, or its e(|ui\ alent, a wooden mallet. 
There are many uses for such a tool, as dri\ing on or otf the various 
soft parts, either of brass, aluminum, or cast iron, which would be 
dent(‘d and damaged by the steel hammers generally used. 

Starting Bolts and Nuts in Difficult Places. — Iiecently while 
wmrking on an automobile it w\as found difficult to get a bolt started 
in its place, and when the writer had about d(‘cided to remove other 
parts t(/ enter the bolt, the following scheme of overcoming the 
difficulty was tried. A pi(*(‘e of wire w^as procured and one end 
lightly soldered to the bolt head. This seiwed as a handle for 
placing the bolt and was easdy renuned by giving the ware a few 
turns. The same means can be used to enter bolts and pins in 
places not easily accessible, the time of preparation being small as 
compared with the practical value of the device. (See Fig. 471, 
G.) A simple method of starting a nut is showm at Fig. 471, F 
The holder is made of sheet metal, rolled into a tube. A nut is 
then inserted in one end and the metal hammered to the shape of 
the nut. Any length of metal can be used, as desired. In use, the 
shaped end of the metal is slipped over a nut and a slight pressure 
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suffices to screw it clown dver bolt. For starting nuts on the end 
of a bolt in a location not easily reached with a wrench the simple 
tool shown at Fig. 481, H, will be found valuable. This is made 
of steel and has a projecting lip against which a drift may be 
placed as at H 3. The imt may be started by hammer blows with- 
out damage. Burred threads on a bolt may be cleaned up by using 
an extemporized die made from a nut of the proper size as at H 1 
by cutting a series of tiiree grooves in the threads with a three 
cornered file to provide cutting clearance and then case-hardening 
the nut interior. 

Forming Rod Ends. — INIany of the minor control rods such as 
is used for advancing the timer, manipulating the throttle or work- 
ing the muffler cutout are simple steel rods with the ends bent over 
to be pushed through the e}e of the levers they connect. A simple 
method of making these rod ends is sliown at Pig. 472, A. A 
block of steel is drilled witli three or four holes to conform to the 
sizes of rod ends most generally used. It is well to have the holes 
about one sixty-fourth inch larger than the rod size. The writer 
would advise making holes, one-eighth inch, three-sixteenths inch, 
quarter-inch and five-sixteenths incli in the block. When making 
the rod end, the block is held in the vise and the rod, which is either 
Norway iron or mild steel is thrust into the block to the desired 
depth and then bent over with a hammer as indicated. In bend- 
ing the rod this should be done slowly and with as much care as 
possible and the rod should preferably be heated to a red 1 eat be- 
fore bendiiig. 

Winding Springs in Vise. — Small springs are often needed in 
repairing automobile parts and m some cases a spring winder or 
l4the is not available for making the spring. The illustration^ at 
Pig. 472, B, are reproduced from a recent issue of Machinery and 
the device shown is a very practical one as it uses parts found in 
jvery garage. A rod A is selected that will give the correct inside 
iiameter to the springs. The diameter of this rod must be deter- 
nined experimentally as there must be some compensation for the 
mlargement of the spring when released. This, of course, means 
hat the rod must be less in diameter than the inside diameter of 
;he finished spring. The rod is bent at one end to form a crank. 
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Fig. 472. — A — ^Method of Forming Eod End. B — Winding Spring in a 
Vise. O — Cutting Sheet Metal. J > — How to Make a Wiped Joint. 

\ 

A hole C is drilled near the crank end wlueh should be large enough 
to allow the end of the spring wire to enter. The tool is clamped 
between the vise jaws B and the wood blocks D. The rod A should 
be clamped with the crank as close to the blocks as possible :with ^ 
the wire in a vertical position. As the crank is turned, a groove is 
cut into the wooden block which acts as guide for the wire D, the 
number of coils or pitch of the spring being determined by the 
amount of inclination of the wire. The greater the inclination the 
wider the spacing. The first turn of the crank must be very care- 
fully made as it determines the pitch. 

Cutting Sheet Metal. — When a atrip is to be cut from sheet 
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metal, instead of laying the sheet down on an anvil or bench plate 
and jgrtting with a chisel by hammering against the chisel which is 
placed vertically in respect to the block the method shown at Fig. 
472, C, IS recommended. This gives a shearing cut w^hieh will make 
a smoother edge and not be liable to damage the edge of the chisel 
as IS done wlien that tool is driven through tlie slieet metal and into 
the backing block. The piece of sheet metal to be cut is clamped 
between the jaws of the vise, just enough of the metal being al- 
lowed to project above the vise jaws as corresponds to the width 
of the ])iece to be cut. By cutting with a shearing action in the 
manner indicated it will be possible to cut otf the strip smoothly 
wdth Aery little exertion and without damaging the chisel edge. 

How to Make a Wiped Joint. — The wiped joint is a form that 
is very popular wuth plumbers when joining lead pijies, but it may 
also be used to advantage by the repairman in making joints in 
the copper tubing used for acetylene gas oil and fuel lines and in 
some eases the larger coj)])(‘r ])ii)e employed for water manifolds. 
The Aarious steps are shoAvn at Fig 472. B, th(‘ projiortions of the 
pipe or tube being greatly exaggerated in order to make the process 
clear The first step is to expand one vm\ of the tube by dmung 
in a small conical expanding tube, taking care to hold tlic pipe 
firmly betw^een A^ood blocks in the vise while tins operation is in 
progress and to exfiand the jiijie by a scries of light rather 
than heavy bloAAAs. if the exjianding tool is held too hard it is apt 
to spread the pipe. The end of the tube to be joimid AAilh tliat 
one A\hich has been previouslx exjianded is filed down tapering in 
order to fit the expanded section of the other })ieee. The jiarts are 
well coated with soldering flux and molten solder is pourt^d on th(‘ 
joint from a small ladU% this being wiped by a pad of felt A\lneb is 
well w^axed and which is used to wipe the molten metal into a 
symmetrically shaped mass to form the substantial joint as shoAAm 
in the sectional view^ at the lower right hand corner of the illus- 
tration. If care is taken to have the pieces of pijie cleaned before 
they are joined and to have reasonably close fits between the male 
and female taper a very satisfactory joint may be made with a 
little practice. 

Forms of Keys. — Many parts of automobiles which must be 
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removed fvom the pieees to which they are fagtened and by which 
they are actuated are held by a method of fastening called ‘'key- 
ing/' Various forms of keys are shown at Fig. 473, that at A be- 
ing a form made from ordinary key stock which m^^y have either 
rounded ends or square ends depending upon whether the key is 
to be set into a keyway machined into the center of the shaft or 
at one end. If the keyway comes in the middle of the shaft, a 
round end key such as shown at A is generally used. If the key- 
way is at the end of the shaft, the key is apt to be a form having 
square ends. Key stock is procured in various standard sizes and 
IS usually made smootli eiiongh when manufactured so that no great 
amount of fitting is needed to insert it in the keyway. The key 
showTi at B is knowui as the Woodruff key and is a ver>^ popular 
form in automo])ile construction. It is commonly used for securing 
such parts as gears, cams, and rocker arms to shafts. The taper 
pins shown at C is a favorite method of retaining brake actuating 
and control levers to the shaft operating them. The straight pin 
shown at D may be used in two waiys, it may be driven entirely 
through the shaft and the hub of the lever and then headed over 
or it may be driven into a drilled hole which is made after the 
gear or piece it is to hold is in place on the shaft, the hole being 
drilled in such a way that half of it is in the gear and the other 
half in the shaft. The use of a taper pin is clearly shown at P 
while that of the round pin or key shown at D is outlined at G 
The half round keywny for the Woodruff key is shown in the taper 
end of the shaft outlined at K as is the method of making a tem- 
plate to obtain the radius of the Woodruff keyway when it is de- 
sired to fit a new AVoodruff key or to determine the size of the 
keyway if the old key is lost. 

The method of making the taper pin lock is a simple one. A 
straight hole is drilled through the boss of the lever and the shaft, 
the drill size being the same as that of the small end of the taper 
pin. Taper reamers may be obtained to conform to the taper of 
the standard taper pin and these are employed to produce the 
correct taper in the straight hole in order that the corresponding 
taper pins may be a tight drive fit in both shaft and lever boss. 

How to Make Keys and Keyways.— The method of laying out 
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a keyway when the rounded end key shown at Fig. 473, A, is to be 
placed in a shaft is shown at Fig. 474, A. The outline of the key 
is scribed on the shaft, care being taken to have the curved end 
a half circle whose radius is equal to half the width of the key 
For example, if the key is supposed to be one-quarter inch wide 
andj^o inches long the first operation will be to describe a straight 
the shaft and to indicate thereon the useful length of 
key which is that of the straight portion by center punch 



Fig. 473. — Forms of Eetaimng Keys and Tkieif tTse. 


marks on the line. The dividers are then set to one-eighth inch 
radius and circles are drawn using the punch marks as centers 
The sides of the circles are then joined by lines parallel td the 
center line. The next operation is to drill a series of quarter inch 
holes into the shaft as shown at Fig. 474, B. These are cut out by 
means of chisels such as shown at Fig. 474, C. The operation is 
started with a narrow chisel, followed through wdth the medium 
width chisels and finished off with the wide one which is aecurateh 
ground to the correct width of the key way. A piece of quartet 
inch keystock is then obtained cut to the proper length and th* 
ends rounded off with a file or on an emery wheel, to conform t(‘ 
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the shape of the keyway. The method outlined is of coarse, used 
only where regular keyway cutting machinery is not available, as 
would be the ease in a small repair shop where milling machines 
or shapers are not included in the machine tool equipment. The 
method of making a keyway in the end of the shaft is similar to 
that for making one in the middle of the jhaffc except that it is 



Fig. 474. — Methods of Cutting Keyways in Shafts without Machine 

Tools. 


much easier to chisel out the keyway with a cape chisel and finish 
it with a file as shown at Fig, 474, D, 

The Woodruff key may be obtained in a wide variety of sizes 
and in different materials. It is a very simple form to make if a 
key of the right size is not available. A very satisfactory Woodruff 
form key may be made from a bar of round stock of the desired 
material and radius as indicated at Pig. 475, in views A to P, in- 
elusive. The first step is to saw into the end of the rod as diowaa 
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at A, then to cut into the side of the rod with th^ saw as shown at 
B, this permits the piece of stock to break away as shown at C. 
Of course, the ke}^ is cut wider than the keyway it is to fit as well 
as longer than tlie regular size key. The operation of filing the 
sides and face to produce the finished key shown at F is clearly 
outlined at D and E. The keyway for a Woodruff key can be made 



Fig. 475. — ^How to Make a Woodfdff K«y, Cut the Keyway and 
Method of 'J&'Slhg. 


only by a special milling cutter made for the purpose. It is not 
necessary to have a milling machine to use this milling cutter as 
very satisfactory results can be obtained by putting it in a lathe 
or drill press chuck. The depth to which the cutter is fed into 
the shaft is clearly 'shown at G. The key is then placed in the key- 
way as outlined at H and the hub of the part it is to retain is forced 
over the key and shaft as shown in the lower right hand corner of 
Fig. 475. Care must be taken when fitting any form of retaining 
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pin or key to haif^this a tight fit in its keyway as if keys are fitted 
loosely so that some degree of movement is permitted between them 
and the keyway and the shaft or the part it drives, suiBcient lost 
motion may develop so the key will be sheared off. This applies 
esiiecially to keys subjected to variable o^^ sharp loads as in those 
employed for holding flywheels, driving wheel hubs, or transmis* 
Sion system j)arts. 

Woodruff Key Sizes. — Each year sees the u.se of more and 
more Woodruff keys for fastening gears and similar parts to round 
shafts, for which reason tlie various sizes are of considerable in- 
terest. A table herewith gives the various .sizes which are referred 
to in the sketch above, the letters in tlie table con-esponding with 
those hi the figure. There are 30 standard and many special sizes. 


No of Key 

Diameter 

Thickness 

Depth m Gear ! 

Less than H 
Diameter 


a 

b 

c 

d 

1 

500 

0625 

0312 

0468 

2 

500 

0937 

0468 

0468 

3 

500 

1250 

0625 

0937 

4 

625 

0937 

0468 

0625 

5 

625 

1250 

0625 

0625 

6 

625 

1562 

0781 

0625 

7 

750 

1259 

0625 

0625 

8 

750 

1562 

0781 

0625 

9 

750 

1875 

0937 

0625 

10 

875 

1562 

0781 

0625 

11 

875 

1875 

0937 

0625 

12 

875 

2187 

1094 

0625 

A 

875 

2500 

1250 

0626 

13 

] 000 

1875 

0937 

0625 

14 

1 000 

2187 

1094 

0625 

15 

1 000 

2500 

1250 

0625 

B 

1 000 

3125 

1562 

0625 

16 

1 125 

1875 1 

0937 

0781 

17 

1 125 

.2187 

1094 

0781 

18 

1 125 

2500 

1250 

0781 

C 

1 125 

3125 

1562 

0781 

19 

1.260 

1875 

0937 

0781 

20 

1 250 

2187 

1094 

0781 

21 

1 250 

2500 

1250 

0781 

D 

1 250 

.3125 

1562 

0781 

E 

1 250 

3760 

1875 

0781 

22 

1 376 

2500 

1250 

0937 

23 

1 375 

3125 

1662 

0937 

P 

1 375 

3750 

1875 

0937 

24 

1 500 

2500 

1250 

1094 

25 

1 600 

3125 

1562 

im 

G 

1 500 

.3760 

.1875 

1094 
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These sizes vary from .5-inch diameter and .W25-ineh thickness 
up to 1.5-inch diameter and .375-inch thickness. The general shape 
of the keys is that of a coin cut into halves, although to be exact 
the half is not complete, as the sketch shows. The key is set down 
into the shaft less than its full depth by almost the amount of its 
thickness, so that the portion projecting above the shaft and into 
the gear or other part is nearly square in section. 

‘ One great advantage of this form over a square ended key is 
the ease of placement or removal, a slight tapping on one end, cans- 



Fig. 476. — Diagram Showing Principal Dimensions of Woodruff Keys to 
Accompany Table of Sizes. 


ing the semi-eireiilar form to rise out of the other end of tKe 
seat, until it is loose enough to be picked out. 

Nut Locking* Means. — There is no mechanism in which it is 
more important to keep the nuts, bolts and other fastenings tight, 
than in the automobile, because these are operated at high speeds, 
over rough roads and are subjected to considerable vibration. As 
is well known vibration in machinery causes the various parts to 
loosen. While there are a number of methods of locking nuts and 
bolts to keep them from becoming loose, a practical method for use 
in automobile construction must be such that the nut can be re- 
moved when desired without destroying the nut lock. For ex^ 
ample, it is possible to lock a nut securely by having the bolt a 
little longer than is needed and by riveting the projecting end after 
the nut is screwed in place. While this insures against loss of the 
nut it is apparent that when the nut is to be removed, it is first 
necessary to chisel or file off the riveted portion of the bolt. 
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A large number of practical locking means for nuts and bolts 
are shown at Fig. 477. The ‘^Grip whicu is shown at A is a 
supplementary nut of peculiar form which is put on over the reg- 
ular nut. These are blanked out of a bar of steel having an arch 
running through the center and the nut is threaded through this 
arch. When it is screwed in place it is defected by pressure so as 
to produce a locking friction upon the thread. When screwed 
down tightly it is impossible for the nut to vibrate off though it 
may be easily removed with a wrench. Another device of similar 
form which is known as the ‘ ' Hugtite ’ is shown at H. This looks 
like a thin nut but instead of having threads there are two tongues 
extending from either side toward the center, engaging the bolt 
threads. These tongues are formed so that when the locking mem- 
ber is in place on the bolt its faces are not parallel to the face of 
the nut as one edge touches the top of the nut and the other does 
not. If the big nut tends to loosen from vibration it will bear 
against the locking member and the friction produced between the 
tongues and the bolt threads will prevent the main nut from com- 
ing off. 

The castellated nut and cotter pm which is shown at C is so 
widely known and used that it requires no description. Lock 
washers have been devised in many forms, typical examples being 
showrn at B, I, J and M. These for the most part are made of 
spring steel which must be flattened out when the nut is screwed 
down tightly. Some of these depend merely on spring pressure, 
though others have barbs or ribs which are intended to dig into th€ 
nut and prevent it from coming loose. The ribbed washer is put 
in place with the rib uppermost and when the nut is screwed down 
the rib forces a small part of the metal from the nut into the 
thread and in this way locks the nut securely. The other forms 
such as the Positive,’' '' National/’ and ''Hobbs barbed” depend 
upon the principle of one point digging into the nut and the other 
into the metal the washer seats on. The "Columbia” lock nut is 
a very popular pattern and is virtually a double form. The nut 
proper is split and tapered on the outside and fits into the hex- 
agonal outer shell which is tapered inside as shown at E. When 
the nut is screwed down tightly the inside part sliding on the shell 
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Fig. 477. — Nut Locking Means tliat Have Been Widely Used. 

draws the threaded portion together and forces the threads of the 
nut into a close contact with the threads of the bolts. One of the 
very good features of this lock nut is that it may be easily removed 
with a wrench, yet absolutely cannot come loose or harm the thread. 

Another form of lock nut which is shown at K is known as the 
'' Absolute and works on the principle of utilizing the locking 
properties of a rolling wedge. There is a recess cut in the inner 
surface of the nut in which a locking pin travels, this being of 
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such size that when the nut is screwed onto the bolt^ the angle sides 
of the locking pin heads fit into the threads of the bolt. The flat 
surfaces of the locking pin travel against the angle top of the re- 
cess of the nut, rotating in its deepest portion. The top of the re- 
cess is at such an angle that the nut is automatically and contin- 
uously locked against any backward motion which serves to wedge 
the pin more tightly in position. It is esasy to take this nut off, as 
this can be accomplished by inserting a sm^ill brad or piece of wire 
into the recess to prevent tlie pin from rolling up into the small 
part of the recess when the nut is uns^^rewed. This nut is more 
practical in the larger sizes than it is on the small size nuts widely 
used in automobile construction. 

Another system of locking dep^mds upon preventing movement 
of the nut after it has been screwed into place by a projecting 
tongue bent up against the nut. As an example we have the '^Uni- 
versa!’’ washer which is showui at F. This looks considerably like 
a spring w’asher but differs in that it has a little tab or tongue that 
the nut rides over as it is screw’ed into place and wdien the nut is 
tight the tongue sticks up and })revents the nut from turning back. 
This washer is made of liardened steel and has ]>rojections on its 
under side to prevent it from turning. Another type of locking de- 
vice that is very simple is the Reliance,” shown at G, This is 
nothing more than a plain w asher with a couple of tongues extend- 
ing from the outer peripliery wliich are bent against the nut and 
the piece the nul bears against, in the manner indicated.. The 
^‘Bartley” lock shown at L has been used for some time on rail- 
roads. This is nothing more than a plate which slips over the bolt 
like an ordinary washer and wlien the nut has been drawn up 
tight there is a little tongue wdiich can be turned up against one 
of the facets of the nut to keep it from turning. The ''0. K.” 
lock nut consists of a spring washer having the end formed to fit 
into little depressions formed in the nut and in a supplementary 
washer which is keyed to the bolt, which is slotted. The corruga- 
tions in the bolt head and supplementary washer prevent the nut 
from turning even if it is not screwed dowm as tightly as is neces- 
sary with the regular form of spring washer. 

A form of lock which works somewhat on the principle of the 
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castellated imt and cotter pin is shown at B. In this method the 
bolt is slotted and a piece of strong and ductile wire is placed in 
the slot, the lower end of which is formed into a washer to fit be- 
tween the nut and the surface through which the bolt is passed. 
When the nut is drawn up tight the end of the wire, which lies 
into the bolt slot is bent into one of the castellations of the nut. 
The Campbell Self-Locking’" cotter pin which is shown at Fig. 
477, O, has been designed to replace the well-known spring cotter. 
This is of such form that it may be easily inserted in a hole and 
when in place it can be locked by hitting the loop or eye with a 
hammer which drives the short leg dowm, springing the bent leg 
and forming a very effective lock. This cotter is made of half 
round stock, the same as the ordinary type, but has an offset eye 
and the two limbs forming the body of the pin are of unequal 
length. The pin may be easily removed when desired by inserting 
a screw driver blade in the flattened eye and pulling the straight 
leg out of contact with the bent leg wdiich makes it possible to with- 
draw the pin. A method of locking a nut which is sometimes used 
is shown at P. In this a bent plate having a hexagonal hole to fit 
the nut is held tightly at the other end by a screw threaded into 
the piece the nut retains or some other fixed parL Tikis is seldom 
used as it is more bulky and cumbersome than many of the simpler 
lock washers described. 

Shop Uses of Arbor Press and Wheel Puller. — One of the use- 
ful tools and one of the simplest included in the automobile repair 
shop equipment is an arbor press that can be adapted to a wide 
variety of work. A form of press, especially devised for automobile 
repair shop work is showm at Fig. 478. This has sufficient height 
so that long pieces may be inserted between the ram and the bed 
while the supports are spaced sufficiently far apart to make it pos- 
sible to insert relatively bulky articles. The press* is adjustable as 
the bed plate may be moved up and down on the side rails in order 
to vary the opening between the movable member that exerts the 
power and the work holding portion. The press is also suited for a 
variety of machine shop operations. The view at A shows the 
manner of forcing a driving gear off of the shaft of a roll. As 
will be noted the bed is placed down near the base which makes 
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possible the introduction of the long roller. The gear to be forced 
off is supported by two iron bars which rest on snbstantial woo^n 
blocks carried at either side of the rolL The pressure is exerted 
against the end of the shaft, this forcing the shaft from the gear. 
The use of the press in straightening a l ent rear axle housing is 
shown at B and on front axle work is shown at D. At C the opera- 
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tion of pressing in a bearing cup in a wheel hub is clearly shown. 
The manner in which relatively small parts may be handled is 
clearly outlined at E where a gear is being forced off of the arma- 
ture shaft of a starting motor and at P where the constant mesh 
gear is being removed from the countershaft of a gear set. 

The wheel puller is also a very useful appliance, special forms 
suited for repair shop work are shown at Pig. 479. . The type 
shown at A is a twm armed puller having two sets of arms, the lower 





Automobile Repairing Made Easy 



Fig. 479. — How to Use Wheel and Gear Pullers. 


set being attached to the upper arm as indicated. This makes it 
possible to handle work of relatively small diameter that is beyond 
reach of one set of arms as shown at B or on work of large diameter 
that would be beyond the capacity or spread of the beam when 
used as at A. In this case a piece of wood is being used as a spreader 
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for the arms. It is relatively easy to move work near the end of 
the shaft, this involving the use of only one set of arms as shown 
at C. The use of the three armed puller, which is a superior form 
for general service to that shown at C, inasmuch as it is not apt to 
rock over to one side or the other when ths pressure is applied is 
shown at D. 

To Make Wood Acid Proof. — Some storage batteries are car- 
ried in wooden battery boxes on cars and annoy the owners by 
leaking or slopping of the acid. To make the wood acid proof take 
six parts of wood tar and 12 parts resin, and melt them together 
in an iron kettle, after which stir in eight parts of finely powdered 
brick dust. The surface^ to be covered must be thoroughly cleaned 
and dried before painting with tlie warm preparation. 

Sharpening Files. — Lay dull and w orn files in a solution of sul- 
phuric acid, consisting of one part acid and two of water. Let 
them stand ov(t night, then rinse in clear water. Put the acid in 
an earthenw^are vessel. To resharpen old files w^ash them in w^arm 
water to remove the grease and dirt, then rinse m warm water and 
dry by heat. Put ly^ pints of w^arm w^ater in a wooden vessel, put 
in the files, add 3 oz. of blue vitriol, finely powdered, and 3 oz. of 
borax. Jlix w^ell and turn the files so that every one may come in 
contact with the mixture. Add 10j/> oz. sulphuric acid and ^ oz. 
of vinegar. Eemove tlie files after a short time, dry, rub with olive 
oil, wrap in porous paper. Coarse files should be kept in tlie mix- 
ture for a longer time than the fine ones. 

The Cheap Blackening of Brass.— The following solution for 
blackening brass is nothing new^ ; in fact it has been known for a 
long time. Owing to its cheapness, ease in w^orking and adapta- 
bility for many purposes, it has been deemed advisable to bring 
it again to notice. Many platers of course will recognize it as an 
old solution knowm to the plating industry for many years, but they 
may not have realized its advantages for some classes of work. The 
solution is made as follow^s : 


Water 

Sugar of lead 

Hyposulphite of soda 


..... 1 gallon 
. . . . 8 ounces 
.... 8 ounces 
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The solution is used as hot as possible and the brass work is 
simply dipped in it and allowed to remain until black. This takes 
about a minute or less. The articles are then rinsed in cold water, 
then in hot water and dried. If the pieces are scratch-brushed 
dry, the black deposit will have a high luster. When dipped into 
the solution, the surface of the brass article becomes yellow, then 
blue and finally black. The articles should always be lacquered 
as the black deposit is likely to oxidize and fade if not; but if 
coated with lacquer, it seems to be quite permanent. For a cheap 
class of goods that require a black finish, this solution can fre- 
quently be used to a good advantage. It requires no electric cur- 
rent used as a dip. The color, to be sure, is not a coal black, but 
resembles a graphite black more than anything else and has a 
alight gray shade. It is sufiiciently black, however, to answer many 
* purposes and it is so easily applied that it can be used on cheap 
goods with only a slight increase in cost. 

Heat-P?roof Paint. — To make a good cylinder exhaust pipe 
paint, use two parts of black oxide of manganese, three parts of 
graphite and nine parts of Fuller’s earth, thoroughly mixed, to 
which add a compound of 10 quarts of sodium silicate, one part 
of glucose and four parts of water, until it is of such consistency 
that it may be applied with a brush. 

Etching. — To etch iron or steel mix one-half ounce of^^nitric 
and one ounce muriatic acid. Shake well, and it is readjf^for use. 
Cover the place to be etched with melted beeswax and when cold 
write the inscription plainly in the wax clear to the metal with a 
sharp instrument; then apply the mixture with a feather, car(‘- 
fuUy filling each letter. Let remain from one to ten minutes; 
then throw on water, which stops the etching process, and remove 
the wax. 

Use of Tools. — ^Never use a tap in a cored or rough hole. Run 
a heavy flat drill through to take out scale, sand or projections. 
Use plenty of good lard oil in cutting threads with a die. Many 
times a die tap is ruined the first time it is used, because there 
was no oil put on the work, j^ever use taps in any metal without 
using plenty of good oil. T!^ tap will gauld in any metal ahd 
tear the threads off unless well oiled. Never draw a monkey wrench 
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backward from the jaws. Always pull toward the jaws, otherwise 
the bar he bent. Never use a reamer on pipe of any kind. 
The scale inside of the pipe, caused by the flux used in welding 
or brazing, is as hard as glass and no reamer made is hard enohgh 
to cut it. 

Drilling Holes in Glass. — Holes of any desired size may be 
drilled in glass by the following method; Take a small three-cor- 
nered file and grind the points from one corner on the bias from the 
other and set it in a brace, such as employed in boring wood, etc. 
Lay the glass in which the holes are to be bored on a smooth sur- 
face covered with a blanket or some other similar material, and 
begin to bore the hole. When a slight impression is made on the 
glass, place a disc of putty around it and fill with turpentine to 
prevent heating by friction. Continue boring the hole, but do not 
press too hard on the brace when drilling. 

Making a Magnet of a File. — Small nuts or washers or other 
small parts, w^hich have fallen into the crankcase may often be re- 
moved without the necessity of dismantling the engine by means 
of a magnet. By taking about a dozen turns of one strand of the 
cord to which a liglited electric lamp is attached around a file 
it will be magnetized quite strongly enough for all practical 
purpases. 

Peculiar Case of Knocking. — The car was a popular four-cylin- 
der model about a year old. It was brought to the shop for a thor- 
ough overhauling, and for taking up all the bearings. When the job 
was complete and the engine operated, a very severe knock de- 
veloped that sounded exactly like a loose bearing. After consider- 
able experimenting, it was found that one of the pistons touched 
a shoulder in the top of the cylinder this w^as because the packing 
between the cylinder and crankcase had been reduced in thickness 
a trifle. A thicker packing cured the trouble. 

Rust ou Tools and Work.— Vaseline, to which has been added 
a small amount of powdered gum camphor, heated over a slow fire, 
wdll prevent rust on tools. A mixture of one pound of lard, one 
ounce of gum camphor and a melted together will 

protect bright work from rfist formulie are : A mixture of 

lard and kerosene in equal parts, a mixture of tallow and white 
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lead^ aiwi of tallow and lime. Smear the parts to be protected with 
any^bne of these mixtures. 

Screw Cutting Gears. — Multiply the number of threads cut by 
equal gears, as indicated on the index, by the number that will give 
for a product a gear on the index. Place this gear on the spindle 
^-^r stud. Multiply the number of threads per inch to be cut by the 
’^same number and put the resulting gear on the screw. Thus, if a 
^lathe.cuts four threads by equal gears and 13 threads per inch ar(^ 
’ wanted then multiply by five, sho^ung that to cut 13 threads per 
inch would require a gear of 20 teeth on the spindle or stud and a 
gear of 65 on the lead screw. 

Treating Polished Iron or Steel. — Wasli i)olished iron or steel 
that has become gray and lusterless, with a stiff brush and ammonia 
soapsuds, Pinse well and dry hy heat if possible. Then apply a 
plentiful supply of sweet oil and dust thickly with powder(‘d quick- 
lime. Let the lime stay on two days, after wdiieli it should be 
cleaned off witli a stiff brush. Polish with a softer brush and rul) 
with cloths until the luster comes out. By leaxing tlie lime on, iron 
and steel may be kept from rust almost indefinit(‘ly 

Speed of Grindstones. — To grind machinist’s tools stones should 
have a speed of about 800 feet a minute at periphery, a 30 inch 
stone running about 100 revolutions a minute. In giwdtpg car- 
penter’s tools a speed of 600 feet a minute at jieriphej^ should be 
maintained, a 30 inch stone running 75 revolutions a minute. 

Cleaning Brass Castings. — Brass castings that are greasy may 
be cleaned by boiling in lye or potash. The first pickle is composed 
of one quart of nitric acid, and six to eight quarts of water. Aft<'r 
washing in clear warm or hot water the casting should be immersed 
in the second pickle, composed of one quart of sulphuric acid, tw^o 
quarts of nitric acid and a few drops of muriatic acid. 

Laying Out Work. — Use blue vitriol and w^ater on the surface 
of steel or iron in laying out wmrk. This will give a nice copper- 
plate surface, so that all lines will show plainly. A little oil of 
vitriol wdll eat off oily surfaces and leave them nicely coppered. 

Pipe Joint Cement. — Mix 10 parts of iron filings and three 
parts of chloride of lime to a paste by means of water. Apply to 
the joint and clamp. It will be solid in 12 hours. 
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Drilling. — Use kerosene to drill, ream or turn rnallmWe iron, 
or to drill or turn aluminum. Turpentine should be usea%fitead 
of oil for drilling hard steel, as it will cause drilling readily when 
the metal cannot be touched with oil. By using a combination of 
turpentine and camphor, glass may be drilled with a common drill. 
When the point of the drill comes through the hole should be 
worked with the end of a three-cornered file, having edges groutl^\ 
sharp. Use the corners of the file to scrape rather than as a r(‘amen 
Great care must be taken not to crack the glass or flake off pie^^ 
of it while finishing. The mixture should be used freely, both while^^ 
drilling and scraping. It may be used as well to drill hard cast 
iron and tempered steel. 

Body Polish.— A mu eh recommended body polish is made by 
mixing the following ingredients* 

Turpentine 1 gallon 

Paraffine Oil 1 pint 

Oil of Citronella 3^4 ounces 

Oil of Oedar lyi ounces 

Another scheme is to use a mixture of boiled linseed oil and 
turpentine, applying it sparingly and rubbing absolutely dry. The 
use of these polishes will restore even an old car to a degree of 
brightness tliat will please the owner. Floor wax is also used, as 
is furniture polish. 

Care of Tops. — IMohair tops should be frequently dusted and 
brushed off. Pantasote tops and curtains are best cleaned with a 
soft brush dipped in water to which a little ammonia has been 
added. After^\ards rub dry. Never attempt to clean top and cur- 
tains with gasoline or kerosene. Do not fold the top until it has 
become thoroughly dry, because any moisture remaining in the 
folds is apt to cause mildew, besides making the top leaky and un- 
sightly with spots. When a car is not used for some time, it is 
best to open the top, which keeps it well stretched and smooth. 

Care of Leather Upholstery.— Do not use gasoline in cleaning 
leather upholstery Plain ^\ater with a little ammonia will remove 
the dirt and a brisk rubbing with a clean woolen or flannel cloth 
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do the rest. For still more careful treatment use a regular 
leather dressing. ' ^ 

Care of Cloth Upholstery. — Do not use an acid solution^ in 
cleaning cloth upholstery. 

Cloth is not aiTected by climatic conditions and withstands bo'^h 
b^at and cold, and having no oil in its make-up, does not pick up 
or hold dust readily. To remove ordinary dust, beat cushions ^d 
backs lightly with stick or carpet beater, then remove dust with 
tvhisb-broom or brush. Grease or oil may be removed by the appli- 
cation of a solution of hike warm water and Ivory soap 4ppU^d 
with a woolen cloth. Any of the approved methods for cleaning 
M^oolen cloth may be used with success on this upholstery. Gaso- 
line and benzine have a tendency to spread instead of removing the 
dirt. Their use is not recommended for this reason, although they 
w^ork no injury to the fabric. 



CHAPTER XIV 

XTSEFXJX. TABLES FOB THE MECHANTa 
Mathematical Tables 

Table ^ of Inch Decimal Equivalents — Millimeter Decimal Equivalents — 
Metric Conversion Tables — General Formulae in Mensuration — Diagonals 
of Hexagons and Squares — IT. S. Measures and Weights — Trigonometric 
cal Formulae — Circumferences and Areas of Circles. 

! ^ I 

Mechanical Tables 

. A. E. Screw Standard — Standard Hexagon Bolts and Nuts — Machine 
Screw Table — Dimensions — Pipe Thieads — S. A E Carburetor Fittings 
— Standards for Wire Gauges — Calculating Length of Chain — Table of 
Allowances for Grinding — Sizes of Drills to Use for Hand Taps — Twist 
Drill Gauge Sizes Speed of Drills — Figuring Emery Wheel Speeds — 
Pulley Sizes — Lathe Gearing for Cutting Threads — Allowances for Fits. 

Mtscellaneous Tables 

Time Per Mile Expressed in Miles Per Hour — Comparative Scale, Fahrenheit 
and Centigrade Thermometer'^ — Horsepower Chart — Compression Press- 
ure — Approximate Horsepower of Four-Cycle Engines — Two-Cycle En- 
gines — Indicated Horsepower — Weights of Metals — Weight of Steel 
Bars — Weight of Castings to That of Wood Patterns — Table of Gra- 
dients — Calculating Grade Percentages — Chart for Determining Speed 
of Car. 

Those engaged in mechanical work cannot fail to appreciate the 
tables which follow, selected w^ith care and with special reference 
to automobile repairing, machine work and allied industries. These 
have been compiled from standard authorities on mechanics, stand- 
ards, metallurgy, automobile construction and design mathematics, 
et cetera, and therefore can be divitled into three general classes. 
Those dealing with arithmetic are in one group, those having to do 
with machine work are in another group, while the remainder deal 
with miscellaneous subjects. It is believed that the tabulation can 
be of value in many ways to the motorist as well as to the mechanic. 
While this data is available to all who can consult different standard 
works, it is believed that compilation in condensed form, as well as 
a rearrangement in some cases to simplify the matter, will make it 
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of real sendee to the laymen as well as the more expert ma<2hinist 
and repairman. Because of the number of authorities consulted aud 
the many works from which the tables have been made, it is not 
possible to give individual acknowledgment, especially as many of 
the tabulations have long been public property and have been gen- 
erally used by writers on mechanical subjects. 

Table of Decimal Equivalents 


8ths 
125 
250 
375 
500 
H= 625 
750 
14= 875 

16ths 

0625 
T»j= 1875 
3125 
A= 4375 
A= 5625 
6875 
8125 
ii= 9375 

32ds 
03125 
A= 09375 
15625 


21875 
28125 
Jl= 34375 
Ji= 40625 
ri= 46875 
U= 53125 
il= 59375 
M= 65625 
ii= 71875 
78125 
fj= 84375 
13= 90625 
Ji= 96875 

64ths 

,sV-= 015625 
046875 
,^t= 078125 
109375 
5^= 140625 
Ji= 171875 
i}= 203125 
iJ= 234375 
265625 


J|= 296875 
ii= 328125 
359375 
|}= 390625 
H= 421875 
453125 
484375 
li= 515625 
iJ= 546875 
ii= 578125 
609375 
ii= 640625 
#}= 671875 
703125 
734375 
ti= 765625 
-796875 
Jf= 828126 
859375 
-890625 
921875 
Ji». 953125 
984375 
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Table of Decimal Equivalents of Millimeters and 
Fractions of Millimeters 


Mm Inches 

Mm Inches 

Mm Inches 

00079 

fS= 02047 

? = 07874 

00157 

02126 

3= 11811 

0023C 

02205 

1 4= 15748 

= 00315 

02283 

5 = 19685 

^5= 00394 

1 = 02362 

6= 23622 

A= 00472 

02441 

7 = 27559 

00551 

02520 

8= 31496 

00630 

U= 02508 

9 = 35433 

^5= 00709 

02677 

10= 39370 

00787 

02756 

11= 43307 

00866 

02835 

12 = 47244 

00945 

02913 

13= 51181 

^§= 01024 

02992 

14= 55118 

01102 

03071 

15 = 59055 

ii= 01181 

03150 

16 = 62992 

i8= 01260 

4i=: 03228 

17= 66929 

01339 

11= 03307 

18= 70866 

U= 01417 

|J= 03386 

19= 74803 

01496 

03465 

20= 78740 

u= 01575 

03543 

21= .82677 

U= 01654 

03622 

22 = 86614 

01732 

t5= 03701 

23 = 90551 

?S= 01811 

03780 

24 = 94488 

o 

o 

CO 

o 

It 

^=:=. 03858 

25 = 98425 

|£= 01969 

1- 03937 

26 = 1 02362 


10 min — 1 Centimeter = 0 3937 inches. 

10 cm — 1 Dccmicr «= 3.937 inches. 

10 dm. = 1 Meter «= 39 37 inches. 

25 4 mm = 1 English inch. 

997 


Metric System and Hnglish Bquivalents. 

The Metric System is based on the Meter which was desired to be one 
ten-milhonlh part of the earth's meridian, passing: through Dunkirk: 

and Formentera, l^ter investigations however, have shown that the Meter 
exceeds one ten millionth part by almost one part in 6400. The value of the 
Meter, as authorized by the U S Government is 89 37 inches The Metric 
system was legalized by the U^S Government m 1866 

The three principal units are the meter, the unit of length, the liter, the 
unit of capacity, and the gram the unit of weight Multiples of these are 
obtained by prefixing the Greek words deka (10), hekto (100), and kilo (1000) 
Divisions are obtained by prefixing the Datin words deci (xV)« centi (ri^e). and 
xnilli (roVff) Abbreviations of the multiples begin with a capital letter, and 
of the divisions with a small letter, as in the following tables 


10 millimeters (mm ) 
10 centimeters 
10 decimeters 
10 meters 
10 dekameters 
10 hektometers 
1 foot 
1 inch 


Measures of Length 

— * 1 centimeter (cm ) 3937 in. 

1 decimeter (dm ) 

1 meter (m ) —3 28083 ft “~39 37 ms 

. 1 dekaraeter (Dm ) 

— 1 hektometer (tlm > 

. 1 kilometer (Km ) »»0 62137 mile 

3048 meter 

— 25 4 millimeters 


Measures of Surface (not Land) 


100 square millimeters (mm 2 ) 
100 square centimeters 
100 square decimeters 
1 square \ard 
1 square f<JOt .. 

1 square inch 


«=- 1 square centimeter fcm 2)«= o 155 sq in 
1 sepia re decimeter (dm 2 ) 

1 square meter (m 2 ) «« 10 764 sq ft 

=* 836 square meter 

0*129 square meter 
645 2 square millimeters 


Measures of Volume 

1000 cubic millimeters (mm 3)--l cubic centimeter (cm 3) . 061 cu in. 

lOoCtcubic centimeters I cubic decimeter (dm 3)-^ I httr-=“61 (XJi cu ins 

lOOO cubic decimeters cubic meter (m 3)««35 314 cu ft -^264 2 gallons 

1 cubic yard. . . . ^ 7645 cubic meter 

1 cubic foot - 02832 cubic meter 

1 cubic inch , - 16 387 cubic centimeters 


Measures of Capacity 

1 centiliter (cl ) 

1 deciliter (dl ) 

1 liter (I >»»1 0567qts (IT S.)— 61 023 cu ins. 
1 dekaliter (Dl ) 

1 hektoliter (HI ) 

— 1 kilohter (Kl ) 

3 785 liters 

4 543 liters 


Measures of Weight 


10 milligrams (mg) .. — 1 centigram (eg ) 

10 centigrams . -=- 1 decigram (dg ) 

10 decigrams . ~ 1 gram (g ) ^15 4S2 grains 

10 grams 1 dekagram (Dg ) 

10 dekagrams . . 1 hektogram (Hg ) 

lOhektograms . 1 kilogram (Kg) . .—2 2046 pounds 


1000 kilograms •— 1 ton tT) . .. «« 9842 ton of 2240 pounds 

Notd — T he gram is the weight of one cubic centimeter of pure distilled 
water at a temperature of 39 2‘^F , the kilogram is the weight of 1 liter of 
water, the ton is the weight of 1 cubic meter of water, 

1 gram 0(J48 gram 1 ounce f^Avd.) .. . --28,35 grams 

1 pound— . 15^)0 kilograms 1 ton of ^40 pounds— 1.016 metric tons 


10 milliliters (ml ) 

10 centiliters 

lOdecihters 

lOliter^ ... . 

10 deksniters 
10 hektoliter 

1 gallon (US) 

1 gallon (British) ... 
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General Formulas: 


Circumference — diameter X 3.1416, nearly; more accurately 3.141592 
Approximations, 143, 3.141592; __1^*^.3183 


Diameter — circumference x *3183 

Diameter of circle x .88623 1 ^ . , 

Circumference of circle x .2820^ J si e o equa squar 

Circumference of circle x 1 1284 
Diameter of circle x 7071 
Circumference of circle x 22508 
Side of square x 1.4142 — diameter of cir 
“ “ X 4 4428 — circum. “ 


“perimeter of equal square, 
side of inscribed square, 
amscribed circle 


** “ X 1 1284 “ diameter of equal circle. 

** X 3 5449 — circum “ ** “ 

Perimeter of square x .88623 —circumference of equal circle. 


Areas 

Area of triangle ba^c x ‘2 perpendicular height. 

Area of parallelogram — base x perpendicular height. 

Area of trapezoid half the sum of the parallel sides x perpendic- 
ular height. 

Area of circle diameter «^q’iared x .7854 ncarl}, more accurately 
.7853982 

Area of circle x .63662 --area of inscribed square. 

Area of circular ring — sum of the tuo diameters x difference of the 
t\NO diameters, and the product x 7854 

Area of parabola — base x 73 heiglit. 

Area of pyramid or cone circumference or periphery of base x 
slant height. 

Area of ellipse — long diameter x short diameter x 7854, 


Surfaces 

Surface of cylinder — area of both ends-f- (^length x circumference.) 
Surface of sphere — diameter squared x 3 1416, or circumference x 
diameter. 


Solid Contents 

Contents of prism, right or oblique — area of base x perpendicular 
height. 

Contents of cylinder — area of end x perpendicular height.*' 
Contents of sphere — diameter cubed x .5236, or surface x ^ diam. 
Contents of pyramid or cone — area of base x } perpendicular h’g’t, 
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Diaganals of Hexagons and Squares 


Across 

Flats 

j Across Corners 

Across 

Flats 

Across Comers 

Across 

Across 

1 Comers 

Hexa- 

gon 

Squares 

Hera- 

gon 

Squares 

Flats 

Hexa- 
gon 1 

Squares 


r 

072 

r 

088 

1% 

rr 

587 

rr 

944 

I 2H 

3 

103 

13 


h 


144 


177 

1/b 

1 

659 

2 

032 


3 

175 

3 

889 



216 


265 


1 

732 

2 

121 

2H 

3 

247 

3 

979 

3^ 


288 


353 

1’3^ 

1 

804 

2 

209 

2% 

3 

319 

4 

065 

A 


360 


441 

1 % 

1 

876 

2 

298 

2H 

3 

391 

4 

154 

% 


432 


530 

IH 

1 

948 

2 

386 

3 

3 

464 

4 

242 

i’b 


505 


618 


2 

020 

2 

470 

3* 

3 

536 

4 

331 

M 




707 

Hi 

2 

092 

2 

563 

2 % 

3 

608 

4 

419 



649 


795 

1% 

2 

165 

2 

651 

3A 

3 

680 

4 

607 



721 


883 

m 

2 

237 

2 

740 

3K 

: 3 

752 

4 

596 

\k 


793 


972 

2 

2 

309 

2 

828 

3 A 

3 

824 

4 

684 

% \ 


865 

1 

060 

2i’b 

2 

381 

2 

916 

3% 

3 

897 

4 

772 

32 


938 

1 

149 

2^ 

2 

453 

3 

005 

35^ 

4 

041 

4 

949 

% 

1 

010 

1 

237 

2^ 

2 

525 

3 

093 

3V8 

4 

185 

5 

126 

31 

1 

082 

1 

325 

2K 

2 

598 

3 

182 


4 

330 

5 

303 

1 

1 

155 

1 

414 

2A 

2 

670 

3 

270 

3% 

4 

474 

5 

480 


1 

226 

1 

502 

2=^ 

2 

742 

3 

358 

4 

4 

618 

5 

656 


1 

299 

1 

591 

2/b 

2 

814 

3 

447 

4^8 

4 

763 

5 

833 

Uh 

1 

371 

1 

679 

2 % 

2 

886 

3 

535 

4K 

4 

904 

6 

010 


1 

443 

1 

767 

2i% 

2 

958 

3 

623 

4=^ 

5 

051 

6 

187 

3t8 j 

1 

515 1 

1 

856 

2 % 

3 

031 

3 

712 

4 % 

5 

196 

6 

868 


Diagonal of hexagon equals 1 165 times distance across flats 
Diagonal of square equals 1 414 times distance across flats. 


AREAS OF SMALL CIRCLES UP TO ONE INCH 


DIA. 


AREAS 


.00 



0078 

0314 

0706 

1256 

.1963 

.2827 

3848 

5026 

6362 

.01 


0095 

03464 

0755 

132 

2043 

2922 

3969 

5153 

6604 

.02 

00031 

0113 

038 

0804 

1385 

2124 

3014 

.4071 

6281 

.6648 

03 


0133 

0415 

0855 

1452 


.3117 

4185 

6411 

.6703 

04 


0154 

0452 

0908 

1620 

2290 

3217 

4301 

6542 

.694 

.05 


0177 

0491 

0962 


2376 

.3318 

4418 

6674 

7088 

.06 


0201 

0531 

.1018 

1662 

2463 

3421 

4536 

6309 

7238 

07 


0227 

0572 

,1075 

1735 

2552 

3526 

4657 

6945 

739 

08 


0255 

0616 

.1134 

181 

2642 

3632 

4778 

6082 

7543 

*09 


0283 

060 

1195 

1886 

2734 

3739 

4902 

6221 

7698 


Across the top are the diameters of circles, and at the left are |)laced the 
increments increasing by 01 of an inch. Thus the area of a circle .65 of an 
inch in diameter, .2376 of a square inch, will be found under .5 and opposite .05. 
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CIRCUMFERENCES AND AREAS OF CIRCLES 

From 1 incb to 25 inches inclusive 




Circum 


Area 


Diam 


Circutn. 


Area 


Diam. I Circuai. 


Arei 


A 

i 


I 

V 

t 

i'‘ 

t.i 

i 


3 

3 

3 

3 

3 

4 
4 
4 
4 

4 

5 
5 
5 
5 

r> 

0 


1410 

3370 

5343 

7300 1 

9270 1 

1233 1 

3197 1 

5100 1 

7124 1 

90H7 1 

lO'il 2 

3014 2 

4078 2 

0941 2 

8005 2 

0808 2 


7851 


4 12 


5<>G 12 


500 8 


8866 

9910 

1075 

2272 

I53O 

4S19 

0230 

7071 

0175 

07^0 

2305 

4053 

5802 

7012 

9483 


12 

763 

12 

96- 

12 

959 

13 

3G1 

1 i 

155 

13 

772 

13 

352 

14 

186 

13 

548 

14 

607 

13 

744 

15 

03’^ 

1 { 

941 

15 

466 

1 1 

137 

15 

m04 

1 1 

331 

16 

349 

1 1 

510 

16 

800 

1 } 

726 

17 

257 

1 1 

9 M 

17 

72S 

15 

119 

18 

190 

1 5 

315 

IS 

065 

15 

51- 

19 

147 


i 

I 

9 

i 

i 

i 

I 


25 133 
25 525 

25 918 

26 311 
20 701 

27 006 
27 4 SO 
2’’ 8S2 


28 274 

28 607 

29 060 


20 845 
30 238 

30 631 

31 023 


50 265 

51 849 
53 646 

55 088 

56 745 
58 426 

60 132 

61 862 

63 617 
65 397 
67 201 
69 029 
70*882 
72 760 
74 662 
76.689 


2 6 28.J2 

Vr G 4705 

i 6 6759 

6 8722 

i 7 06 SO 

7 2640 

I 7 4013 

7 6570 

\ 1 vS5 10 

8 0503 

4 82 107 

U 8 4 130 

3* 8 6 {01 

f,2 8 8357 

4 9 0321 

J i 9 22S4 


3 14H> I 5 
3 3110 1', 

3 5400 i 

3 7581 

3 9701 i 

4 2000 

4 liol i 

1 oo<.4 r 

4 90S 7 j 

5 1572 , 

5 41 19 \ 

5 G727 i ’ 

5 9196 3 

0 2120 I.’ 

G 191S i 

0 7771 j, 


I’* 


j: 


0 4248 
9 0211 
9 8175 
10 014 
10 210 
10 407 
10 603 
10 799 

10 99G 

11 192 
11 3S8 
11 585 
11 7S1 

11 977 

12 174 
12 370 


7 OOSO G 

7 3002 * 

7 0()99 i 

7 9798 i 

8 2958 4 

8 0179 I 

8 9 162 3 

9 2806 i 

0 0211 

9 9678 7 

10 321 i 

10 OSO i 

1 1 045 I 

11 41G i 

1 1 79 ? S 

12 177 3 


15 

708 

15 

904 

1C 

101 

16 

297 

16 

493 

16 

090 

10 

880 

17 

082 

17 

279 

17 

475 

17 

671 

17 

808 

18 

06 4 

18 

261 

IS 

457 

is 

653 

IS 

850 

19 

242 

19 

635 

20 

028 

20 

420 

20 

S13 

21 

206 

21 

598 

21 

991 

22 

384 

22 

776 

23 

169 

23 

502 

23 

955 

24 

347 

24 

740 


19 635 

20 129 
20 620 

21 135 

21 64 S 

22 106 
22 091 
2 3 221 
2 3 758 
24 301 

24 S50 
2 5 106 

25 907 

26 5 35 

27 109 

27 688 

28 274 

29 465 

30 680 

31 919 

33 183 

34 472 

35 785 

37 122 

38 485 

39 871 

41 282 

42 718 

44 197 

45 664 

47 173 

48 707 


10 

i 

i 

4 

I 

3 

I 

11 

i 

X 

4 

3 

4 


i 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 



31 416 

31 809 

32 201 
32 594 

32 987 

33 379 

33 772 

34 165 

34 558 

34 950 

35 343 

35 736 

36 128 
36 521 

36 914 

37 306 

37 699 
40 841 
43 982 
47 124 
50 265 
53 407 
56 549 
59 690 
62 832 
65 973 
69 115 
72 257 
75 398 
78 540 


78 540 
80 510 
82 516 
84 541 
86 500 
88 664 
90 763 
92 886 

95 033 
97 205 
09 402 
101 62 
103 87 
106 14 
108 43 
no 75 

113 10 
132 73 
153 94 
176 71 
201 06 
226 98 
254 47 
283 53 
314 16 
346 36 
380 13 
415 48 
452 39 
490 87 
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TrigonometricaJ Formuiae, Etc 



Geometrical Solution 
of Rij^ht- Angled Triangles 

c — 

b — y/c^—jL- 
a — y/^c^ — b^ 


sin, A. — 

c 

tan. A. «« — ^ 
b 

sec A. — 


opposite side 
hypotenuse 
opposi te s ide 
adjacent side 
hypotenuse 
adjacent side 


cos. A. — — 

c 

cot. A. 

a 

cosec. A. — 

a 


adjacent side 
hypotenuse 
adjacent side 
opposite side 
hypotenuse 
opposite side 


^ Cotangent — ^ 



VeK^e 


General Equivalents 

The illustration shows the dif- 
ferent trigonometrical expres- 
sions in terms of the angle A. 

In the following formulae the 
radius —1. 


Complement of an angle — its difiference from 90®. 
Supplement of an angle — its difference from 180®. 
1 

>sec. cot. 


Sin. ' 


Cos. — — sin. 2) 

Sec. 

Tan. 


- l/ ( 1 — cos ^ ) 
sin. 


7/ rad.2 4-ta*^« 

sin. 1 


tan. ^‘=°‘-“Tecr 


tan. 


Cosec ’ 


cos. 

Versin. — rad ■ 


cot. 

-cos. 


Cot 


sin, 

1 


cos. 

sin. tan. 
Coversin, rad.— sin. 


Rad. — tan. x cot. — 1 / sin.^-i-cos.^ 
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U. S. Measures and Weights 


DRY MeASURB.~4J. S. 


2 pints ^ 1 quart. 8 quarts == 1 peck 4 ptcks == 1 bushel 
The standard U S bushel is in cylinder form, 18^ inches diameter and 8 
inches deep, and contains 21&0 42 cubic inches 
A struck bushel = 2150 42 cubic inches, or 1 2445 cubic feet. 

A heaped bushel =1^ struck bushels 


SHIPPING MEASURE. 

100 cubic feet — 1 register ton 

{ 1 U S shipping ton 
31 16 Imperial bushels, 
32 143 U S bushels 
( I British shipping ton 
42 cubic feet^ 32 719 Imperial bu'^hels 
75 U S bushels. 


MEASURES OF WEIGHT — Avoirdupois or Commercial Weight. 

16 drachms, or 437 5 grams — 1 ounce, oz 
16 ounces, or 7,000 grains ~ 1 pound, lb 
28 pounds — 1 quarter, qr 

4 quarters 1 hundred weight, cwt — 112 lbs 
20 hundred-weight — 1 ton or 2240 pounds, or long ton 
2000 pounds ~ 1 net. or short ton 
2204 6 i>ounds — 1 metric ton 
1 stone ~ 14 pounds 1 quintal = 100 pounds 


TROY WEIGHT 
24 grams — 1 pennyweight, dwt 
20 pennyweights = 1 ounce, oz — 480 grains. 
12 ounces — 1 pound, lb — 6760 grams 

APOTHECARIES’ WEIGHT. 

20 grams = 1 scruple 
3 scruple = I drachm = 60 grains 
8 drachms — 1 ounce = 480 grains 
12 ounces — 1 pound — 5760 grams. 


CIRCULAR MEASURE. 

60 seconds " = 1 minute ' 

60 minutes ' — 1 degree ° 

90 degrees — I quadrant 

degrees ~ 1 circumference 

j 

TIME. 

60 seconds — 1 minute 
GO minutes — 1 hour 
24 hours — 1 day 
7 days -= 1 week 

365 days, 5 hours, 48 minuics, 48 seconds = 1 year 

BOARD MEASURE. 

The number of feet, board measure (B M ) =«= length in feet x breadth in 
feet X thickness in inches 

1 U. S. gallon=8 33 pounds. 1 cubic foot of water at 39 1^F=62 425 lbs. 
1 English gallon=10 pounds. 1 cubic inch of water at 39 1°F=.036 lbs 
1 cubic foot of ice=57 2 pounds. 1 pound of water"27.72 cubic inches. 
1 tOn of water=35 90 cubic feet. 
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U. S. Measures and Weights 

Continued • 


LONG MEASURE.— Measures of Lengthy 


12 inches = 1 foot 
3 feet, or 36 inches — 1 yard 
514 yards, or 16^4 feet 1 rod, pole, or perch 
40 rods, or 220 yards — 1 furlong 
8 furlongs, or 320 rods, or 1,760 yards or 5,280 feet = 1 mile 
3 miles — 1 league 


Additional Measures of Length. 

1,000 mils = 1 inch. 4 inches — 1 hand 9 inches 1 span , 
2J4 feet -= 1 military pace 2 yards - 1 fathom 


SQUARE MEASURE.— Measures of Surface. 

144 square inches, or 183 35 circular inches 1 square foot 
9 square feet = 1 square yard 

30^ square yards or 272*^ square feet — I square rod, pole, or perch 
IGO square rods -- 1 acre 
640 acres 1 square mile 

An acre equals a square whose side is 208 71 feet 

A circular inch is the area of a circle 1 inch lu diameter — 0 785398 sq inches. 
1 sq^uare inch -= 1 2732 circular inches 

A circular mil is the area of a circle 1 mil or 001 in diameter The mil is 
used in electrical calculations 


SOLID OR CUBIC MEASURES.— Measures of Volume. 

1728 cubic inches - 1 cubic foot 
27 cubic feet — 1 cubic yard 
1 cord of wood -= a pile, 4x4x8 feet* 128 cubic feet 
1 perch of rnasoni y — 16J4 x 1 x 1 foot -- 24^ cubic feet 


LIQUID MEASURE. 

4 gills — 1 pint 
2 pints — 1 quart 

A S 231 cubic inches 

4 quarts = 1 gallon j 277 274 cubic inches 

31 M gallons = 1 barrel 
42 gallons — 1 tierce 
2 barrels or 63 gallons = 1 hogshead 
84 gajlons or 2 tierces = 1 puncheon 
2 hogshead or 126 gallons — 1 pipe or butt 
2 p*pes or 3 puncheons = 1 tun 
7 4805 U S gallons — 1 cubic foot 
1 British Imperial gallon — 1 20032 U S gallons 


APOTHECARIES’ FLUID MEASURE. 

60 minims = 1 fluid drachm 

8 drachms, or 437 >4 grains, or 1,732 cubic inches = 1 fluid ounce. 


Water is at its greatest density at 39 20F 
Sea water is 1 6 to 1 9 heavier than fresh water 

1 cubic inch of water makes approximately 1 cubic foot of steam at 
atmospheric pressure. 

27222 cubic feet of steam at atmospheric pressure weighs 1 pound. 
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Calculations of 

Pulley Diameters and Revolutions 

Ihe Driving: ruUey being: called the Drner, and the Driven Pulley the Driven 

^ Diameter of Dm en x Revolutions of Drn en 

Diameter of Driver __ 


Diameter of Driven " 
Revolutions of Driver ' 
Revolutions of Driven 


Revolutioiit> ot Driver 

Diameter of Drive r x Re v olutions of Driver 
Revolutions of^ Driven 

Diameter of Driv^en x Revolutions of^Dnv'^en 
""iDiameter of Driver 

Diameter of Driver x Revolutions of Driver 
Diameter of Driven 
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WAKDAtiD mpciaoir bolts akd wrt; 



^ Ai.ros 8 corne /3 or lung diameter equals 1 m times the null Table gnes nearest larger 
6. isxact tiepth of thread equals .65 times the pitch Width of flat on thread equals the pitch. 

4 Exact size of bole U S. Standard equals diameter lap ralaus— — Tap DriU nearest 4 larirer 

It ^ ‘ iNo l breads |jer lu. ^ ** «rger. 

^ tieaos same dimensions as Nuta 






























MACaiKK 8CRBW TABLB. 


Screw Gauge 
Size. 

Di&meter in 
Decimals 

Approximate 

Diameter 

No. Threads 
p rinc 1 . 

Size of 

Tap Drill. 

2 

0842 

& 

m 

56 

49 

3 

0973 


48 

45 

4 

1105 

9* 

36 

42 

5 

.1236 

H 

36 

^ 38 

6 

.1368 


32 

H 35 

7 

1500 

A 

32 

H. 30 

8 

.1631 


32 

^ 29 

9 

,1763 

U 

30 

27 

10 

.1894 


24 

25 

11 

9096 

hi 

24 

21 

12 

'2158 


24 

17 

18 

.2289 

fl4 

22 

15 

14 

2421 

fl4 

20 

13 

15 

.2552 

H 

20 

8 

16 

2684 

hi 

18 

6 

17 

.2816 


18 

2 

18 

2947 

hi 

18 

1 

19 

3079 

IB 

18 

C 

20 

3210 

11 

16 

D 

22 

..i474 

hi 

16 

J 

24 

3737 

% 

16 

N 

20 

4000 

u 

16 

P 

2S 

4263 

ii 

14 

R 

JIO 

452b 

u 

14 

U 


WEIGHTS OF METALS 



Lbs 

per Cu Ft 

Lbs 

per Cu In 

Alurmnum, cast 

16Q i 

0926 

Brass cast 

50b 3 I 

293 

Brass sheet 

528 

3056 

Babbitt metal 

440 6 

255 

Bronze, aluminum 

471 2 

2727 

Bronze, phosphor 

1 575 8 

3332 

Copper wire 

555 1 

3212 

Cast iron 

450 

2604 

Wroli^t iron, bar> 

486 S 

2817 

Steel, JBessemei 

I 4b0 7 

284 

Lead, cast 

709 5 

4106 

Nickel 

1 548 7 

3175 

Tin 

4S8 3 

2652 

Zinc 

436 5 

2526 
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Wrought Iron Welded Pipe and PipeXhreads 

Bri^s* Standard 



A— Outside diamet- r of perfect 
thread or ac.uel outside diameter 
of pipe. 

B— Inside diameter of pipe 

C — Root diarriLtcr of thread at 
end 

D— Outside diameter of thread 
at end 

E— Length of perfect tliread — 
PU 8-fO 8A) 

T' —Total length of thread or 
length of taper at top 

N — Number of threads per inch. 

P — Pitch of tliread—i 

N 

Taper of thread, per foot or 
I in 32 to axis of pipe 


Dialn 

of Tube in Ins 

1 Nomi- 

Inter- 

nal 

Area i 
sq ins 

Pipe Thread Dimensions 

Size 

of 

Tap 

Drill 

Nomi- 

nal 

Inside 

Actual 

Inside 

P 


liQ|l 

D 


D 



H 

0 270 


24 ! 

057 

334 

393 

19 

.41 

27 

U 


0 364 


42 

104 

433 

522 

29 

62 

18 


% 

0 494 

■H 

65 

192 

567 

656 

30 

63 

18 



0 623 

0 840 

83 

305 

702 

816 

39 

82 

14 

tl 


0 824 

1 050 

1 11 

533 

911 

1 025 

40 

83 

14 

H 

1 

1 048 

1 315 

1 66 

863 

1 144 

1 283 

51 

103 

IVA 

lA 

ih' 

3 380 

1 660 

2 24 

1 496 

1 488 

1 627 

54 

1 06 

llA 

liJ 

V/2 

1 610 

1 900 

2 67 

2 038 

1 727 

1 866 

55 

1 07 

IVA 

ijf 

2 

2 067 

2 375 

3 60 

3 355 

2 200 

2 339 

58 

1 10 

IVA 

2K 

2^ 

2 468 

2 875 

5 73 

4 783 

2 618 

2 818 

fs9 

1 64 

8 

2U 

3 

3 067 

3 500 

7 53 

7 388 

3 243 

3 443 

95 

1 70 

8 

m 

3^ 

3 548 

4 000 

9 00 

9 887 

3 738 

3 938 

1 00 

1 75 

8 

m 

4 

4 026 

4 500 

10 66 

12 73 

4 233 

4 443 

1 05 

1 80 

8 

4^r 

4^ 

4 508 

6 000 

12 34 

15 93 

4 733 

4 933 

1 10 

1 85 

8 

m 

5 

5 045 

B 563 

14 50 

19 99 

6 289 

6 489 

1 16 

1 91 

8 


6 

6 066 

6 626 

18 76 

28 88 

6 347 

6 647 

1 26 

2 01 

8 

m 

7 

7 023 

7 625 

23 27 

38 73 

7 340 

7 540 

1 36 

2 11 

8 


8 

7 982 

8 625 

28 17 

50 03 

8,332 

8 532 

1 46 

2 21 

8 

. 

9 

9 000 

9 626 

33 70 

63 63 

9 324 

9 524 ! 

1 56 

2 31 

8 

«. • 

10 

10 019 

10 750 

40 06 

78 83 1 

10,44 

10 64 

1 67 

2 42 

8 
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R« commended by the Standards Committee and accepted by the Society 
of Automobile Bufineers. June. 1913. 
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CARBUSBTl^ FITTINGS 


Flare4 Tul»e Unions 





A 

1 ube diameter 

1 

t 

k 

5 ^ 

5- 

c ! 

Drill diameter, 



D 

S A E. thread . 

r'*x20 

ix20 

1x18 

fixl6 

ixl6 

E 

Bnggs std pi.ie thread 
Center to face 

i 

i 

« 

F 

5 

I 

1 

4 

1 

G 

Center to face 


H 

i 

li 


H 

. ^ * 

1 


t 

rt 



Thread only . 

H 





Thread only v 

2 

f 

s 

❖ 

X 

E 

Radius 

i 

1 

* 

ft 


All dimensions on this sheet in inch measure. 


Reeommended t»7 the Standards Comi&lttee and accepted by ^e Society 
of Automobile Etksuteers, June, 1912, 
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Pipe Tap Oimensions 

Brt^s* Standard 


Jlllllllllillll^ 

IBI 

m 




B 

— 1 


Uom 

Pipe 

Size 

Diam 
at Size 
X,ine 

A 

Hist 
End 
to Size 
lyine 

B 

E)iam 
at larae 
End 

EenRth 

of 

Thread 

T) 

Nom 

Pipe 

Size 

Diani 
at Size 
Eine 

A 

Hist 
End 
to Size 
Erne 

B 


Eenjfth 

of 

Thread 

H 

% 

0 405 

15 


1 

3 

3 500 

1 1*6 

3 605 

3V 

% 

0 540 



ll8 

3>; 

4 000 

Ih 

4 125 

3h 

% 

0 675 


0 718 

IV 

4 

4 500 

lU 

4 629 

3V 

K 

0 840 

Vx 

0 887 

Vi 

4V 

6 000 

IS : 

5 125 

3-^ 

% 

1 050 

1 % 

1 104 

1^6 

5 

5 563 

1 

2 

5 687 

4 

‘x 

1 315 

u 

1 366 

IH 

6 

6 625 

2V 

6 766 

VA 

iH 

1 660 

u 

1 717 

176 

7 

7 625 

2'^h I 

7 773 

4K 

Vi 

1 900 

1 

1 963 i 

2 

8 

8 625 

2‘h 

8 773 

4H 

2 

2 375 

1 

2 453 

23< 

9 

9 625 


9 781 1 

5 

2K 

2 875 

V4 

2 961 1 

2% 

10 

10 750 

BB 

10 906 1 

5 


Whitworth’s Gas and Water Piping 


Hiam of Piping 

Hiam 
at Bot- 
tom of 
Thread 


St re 
of Tap 
Hrilf 

jHiani of Piping 

Hiam 

No of 
Thr ds 
per m 

size 
of Tap 
Hrill 

Inter- 

nal 

Exter- 

nal 



tom of 
Thiead 

H 

3825 

.3367 

28 


176 

2 245 

2 1285 

B 

23^7 

V 

518 

4506 

■9 


2 

2 347 

2 2305 

mSm 

2hl 

% 

6563 

5889 



2*8 

2 467 

2 3505 

■9 

2li 


8257 

7342 

14 


2V 

2 5875 

2 4710 

11 

2U 


9022 

8107 

14 

li 

2% 

2 794 

2 6775 

11 

251 


1 041 

9495 

14 

U 

2*4 

3 0(^3 

2 8848 

11 

2g| 

% 

1 189 

1 0975 

14 

1% 

2% 

3 124 

3 0075 

11 

8A 

1 

1 309 

1 1925 

11 

I'ij 

2^ 

3 247 

3 1305 

11 

zhk 

1% 

1 492 

1 3756 

11 

UB 

2% 

3 867 

3 2605 

11 

SA 

IH 

1 660 

1 6336 

11 

lA 

3 

3 485 

3 3685 

11 

3)1 

1% 

1 745 

1 G286 

11 

m 

sv 

3 6985 

3.6820 

11 

3^ 


1.8826 

1 7660 


lii 

354 

3 912 

3.7965 

11 

881 

1% 

2.021 

1 9045 

11 

111 

33£ 

4 1255 

4 0090 

11 

4A 

IH 

2 047 

1 9306 

11 

m 

4 

4 339 

4 2226 

11 

4AL, 
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Morse Xapers 



Number of Taper 


No 1 

,No. 2No 3 

j ! 

No. 4 

j No 5 

No. 6 

Diameter of Plutr at Small 


i 


1 778 

I 

t 


End 

D 

' 369 

572 


' 1 02 i 

1 475 

2 116 

Standard Plug- Depth 

1 P 

i 


1 3tV 

1 4* 


; 

Depth of Hole 

H 

1 > ^ 

1 

2H 

1 3^4 

i 

! 5-4: 

J 7^s 

End of Socket to Keyway 

i K 

: 2r’.. 

: 


3j^s 

; 

1 

7 

Length of Keyway 

! L 



liV 

' D^4 

: i}4 


Width of Keyw'ay 

W 

213 

265; 

330 

490 

650 

780 

Length of Tongue 
Diameter of Shank at 

T 

1 o 


tV 



1 

Small End 

d 

353 

553 

753 

991 

1 440 

2 064 

[ 

Thickness of Tongue 

t 

1 


T 

1 5 

H 

1 

Shank Depth 

S 

2^ 1 


'3H i 


sn 

8X 

Whole Length of Shank 

B 

! 

1 ^ 

3/^ 

|3{| 

53s 



Diameter at End of Socket 

A 

475 

,700 

938 

1 231 

1 748 

2 494 

Taper per Foot 

Smallest Drill Using Each 

! 

600 

602 

602 

.623 

630 

.626 

Taper 

Largest Drill Using Each 


u 

if 

n 

n 

1)4 

m 

2* ; 

3tV 

Taper 


2 

3 

6 


Taper of key=l> 4 " in 12". 
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COMPARISON OP GAUGES 


SCREW GAUGE 

UsBD FOR Wood & 
Macrinb Scrbws 


ENGLISH STANDARL 
GAUGE 

UsBD FOR Iron Rivets 

No. 


WASHBURN & MOBN 
GAUGE 

USBD FOR WlRB NaILS, 
Iron Wire and BiicvTca- 
BON Pins 






DIFFERENT STANDARDS FOR WIRE GAUGES 

IN USE IN THE UNITED STATES 


Dirnenstonfl of Sigea in Decimal Parts r f an Inch 


Number of 
WireGaugre 

American or 
Brown & 
Sharpe 

Ijirming- 
ham or 
English 
Standard 

Washburn 8c 
Moen Mfg Co 
Worcester, 
Mass 

Imperial 
Wire Gauge 

Stubs’ 
Steel Wire 

Number of 
Wire Gauge 

■ 000000 




.464 


000000 

00000 



i 

432 


00000 

0000 

46 

454 

3938 

.400 


0000 

000 

40964 

425 

3625 

.372 


000 

00 

3648 

38 

.3310 

34C 


00 

0 

.32486 

34 

.3005 

324 


0 

1 

2893 

3 

2830 

.300 

.227 

1 

2 

25763 

284 

2625 

270 

219 

2 

3 

22942 

259 

2437 

252 

.212 

3 

4 

.20431 ! 

238 1 

2253 

232 

207 

4 

5 

18194 

22 1 

.2070 

212 

204 

5 

6 

16202 

203 

1920 

192 

201 

6 

7 

14428 

18 1 

1770 

176 

.199 

7 

8 

12849 

165 

1620 

160 

.197 

8 

9 

11443 

148 

1483 

144 

..194 

9 

10 

10189 

134 

1350 

128 

.191 

10 

11 

090742 

12 

1205 

116 

188 

11 

12 

080808 

10(9 

1055 

104 

185 

12 

13 

071961 

095 

0915 

092 

182 

13 

14 

061084 

083 

.0800 

080 

180 

1 14 

15 

057068 

072 

0720 

072 

178 

15 

16 

05082 

065 

0625 

064 

.175 

16 

17 

045257 

058 

0540 

056 

.172 

17 

18 

040303 

049 

0175 

048 

.168 

18 

19 

03589 

042 

0410 

040 ! 

.164 

19 

20 

.031961 

035 

0348 

036 1 

161 

20 

21 

028462 

032 

03175 

.032 

.157 

21 

22 

025347 

028 

0286 

028 

.155 

22 

23 

,022571 

025 

0258 

024 

.153 

23 

24 

.0201 

022 

0230 

022 

.151 

24 

25 1 

0179 

02 

0204 

020 

148 

25 

26 1 

.01594 

018 

0181 

018 

146 

26 

27 I 

.014195 

016 

0173 

0164 

143 

27 

28 

.012641 

014 

-0162 

.0149 

.139 

28 

29 • 

,011257 

013 

0150 

.0136 

134 

29 

30 

.010025 

.012 

0140 

0124 

.127 

30 

31 

.008928 

01 

0132 

0116 

.120 

31 

32 

00795 

,009 

.0128 

.0108 

,115 

32 

33 

.00708 

.008 

.0118 

.0100 

.112 

33 

34 

. 006304 

.007 

.0104 

.0092 

.110 

34 

35 

.005614 

.005 

.0096 

.0084 

.108 

35 

36 

.005 

004 

,0090 

.0076 

.106 

36 

37 

.004453 ' 


.... 

.0068 

.103 

37 

38 

.003965 


.... 

.0060 

.101 

38 

39 

.003531 



.0052 

.099 

39 

40 

.003144 



.0048 

,097 

40 


1015 



DIFFERENT STANDARDS FOR WIRE GAUGES 

IN USE IN THE UNITED STATES 


Dimensions of Sises in Ileoimal Parts of an Inch 


IVuxnber of 
Wire Gauge 

11., S &Co. 
“F &G.’' 
Steel Music 
Wire Gauge 

Screw Gauge 

London Gauge 

U. S Standard 
for Plate 

Number of 
Wire Gauge 

000000 




.46875 

000000 

00000 




.4375 

00000 

0000 



.454 

.40625 

0000 

000 



425 

375 

000 

00 



380 

.34375 

00 

0 


0578 

,340 

.3125 

0 

1 


,0710 

.300 

.28125 

1 

2 


0842 

284 

265625 

2 

3 


0973 

259 

25 

3 

4 


1105 

238 

234375 

4 

5 

0138 

1236 

220 

.21875 

5 

6 


1368 

203 

203125 

6 

7 


1500 

180 

1875 

7 

8 

0197 

.1631 

165 

171875 

8 

9 


1763 

148 

15625 

9 

10 


.1894 

134 

140625 


11 


2026 

120 

125 

11 

12 


,2158 

109 

109375 

12 

13 


.2289 

095 

09375 


14 


.2421 

083 

078125 

14 

15 


2552 

072 

0703125 

15 

16 


.2684 

065 

0625 

16 

17 


2816 

058 

05625 

17 

18 


2947 

049 

05 

18 

19 



040 

04375 

19 

20 

044 

.3210 

035 

0375 

20 

21 

046 


0315 

034375 

21 

22 


3474 

0295 j 

.03125 

22 

23 

051 


027 j 

028125 

23 

24 


3737 

025 

025 

24 

25 



023 

.021875 

25 

26 • 


4000 

0205 

.01875 

26 

27 



01875 

0171875 

27 

28 1 

071 

*4263 

0165 

015625 

28 

29 

074 


.155 

0140625 

29 

30 


' ,4520 

.01375 

0125 

30 

31 



.01225 

0109375 

31 

32 



.01125 

.01015625 

32 

33 



.01025 

. 009375 

33 

34 



0095 

00859375 

34 

35 



009 

• WC/CrvU 1 f,/ 

.0078125 

35 

36 



.0075 

.00703125 

36 

37 



.0065 

006640625 

37 

8S 



. 00575 

.00625 

38 

39 



.005 

39 

40 



0045 


40 


lOlfi 












Twist Drill Gauge Sizes 


No. DrllJ 

Decimal Sizes 

No, Drill 

Decimal SUe« 

1 

2280 

31 

.1200 

2 

2*10 

32 

.1160 

3 

21S0 

33 

1130 

4 

2090 

34 

.1110 

5 


35 

.1100 

6 


36 

.1065 

7 


37 

1040 

8 

1990 

38 

1015 

9 

1960 

39 

0995 

10 

1935 

40 

0980 

11 

1910 

41 

0960 

12 

1890 

42 

0935 

13 

1850 

43 

0890 

14 

1820 

44 

0860 

15 

1800 

45 

0820 

16 

1770 

46 

0810 

17 

1730 

47 

0785 

18 

1695 

48 

0760 

19 

1660 

49 

.0730 

20 

1610 

50 

0700 

21 

1590 

51 

0670 

22 

1570 

52 

0635 

23 

1540 

53 

0595 

24 

1520 

54 


25 

1495 

55 

0520 

26 

1470 

56 

,0465 

27 

1440 

57 

0430 

28 

1405 

58 

0420 

29 

1360 

59 

0410 

30 

1285 

60 



Letter Sizes 


A 

234 

H 

266 

O 

316 

u 

.368 

B 

238 

I 

.272 

P 

.323 

V 

.377 

C 

.242 

J 

.277 

Q 

332 

w 

.386 

D 

246 

K 

281 

R 

339 

X 

397 

E 

250 

L 

290 

S 

348 

Y 

.404 

F 

257 

M 

.295 

T 

358 

Z 

413 

G 

261 

N 

302 
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Sizes of Drills to be used with V Thread, 
Hand and Nut Taps 


size of Tap 

Size of Drill 

Sise of Tap 

size of Drill 

J4X20 

A 

}|X9 

If 

A X 18 

If 

1 X 8 

Si 

?^X 16 

if 

1MX7 

if 

A XU 

n 

1MX7 

lA 

MX 12 

If 

1? 8 X 6 

lA 

A X 12 

11 

1HX6 

Hi 

MX 11 

M 

154X5 

IH 

HXii 

A 

154X5 

HI 

MX 10 

U 

m X 4H 

Hi 

U X 10 

H 

« X 4}4 

iH 

%-X 9 

n 




Formula for Boding proper size of Drills for all pitches of V 
Threads: 


Example: 54 X 10 Tap. 


1.400 -5- 10 = .140 — .750= .610, size of Root Diameter, or size of Drill 
to be used. 

Note. — ^For U. S. Standard Threads use same formula except use l.S 
of pitch instead of 1.4. 
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TABLE or EUEBT WHEEL SPEEDS. 


Rev. per Minute 
for 

Surface Speed 
of 4.000 Feet. 

Rev, per Minute 
for 

Surface Speed 
of 5,000 Feet 

15,279 

19,099 

7,639 

9 549 

5,093 

6 366 

8,810 

4,775 

3,066 

3,820 

2,540 

3,183 

2,183 

2,728 

1,910 

2 387 

1,528 

l,9i0 

1,273 

1 592 

1,091 

1 364 

955 

1 194 

849 

1 (J6l 

764 

955 

694 

eb8 

637 

796 

586 

713 

546 

ti83 

509 

6.17 


596 

449 

561 

424 

5.11 

402 

503 

383 

478 

364 

455 

847 

414 

332 

415 

318 

3^17 

306 

383 

294 

3b9 

283 

.J54 

273 

841 

264 

3.» 

255 

310 


Biam. Wheel 


1 i 

2 
a 

4 

5 

6 

7 

8 
10 
)2 
14 
16 
18 
20 
32 
24 
28 
28 
JO 
J2 
84 
36 
88 
40 
4J 
44 
46 
48 
50 
&i 
54 
66 
58 
«0 


Rev. per Minute 
for 

Surface Speed 
of 6,000 F^t 


22,918 
11,459 
7,639 
6,730 
4,584 
3,820 
3,274 
2.865 
2.292 
1,910 
1,687 
1,433 
1.273 
1,146 
1 042 
955 
879 
819 
764 
716 
674 
637 
603 
573 
546 
521 
498 
477 
459 
441 
425 
410 
896 
383 


THE SPEED OF DRILLS 

f level and Twist Drill Co 


Diam. 

of 

Drill 

Speed 
for Skjft 
Steel 

Speed 

lor 

Iron 

8. peed 
for 
Hrtiss 

Diana 

of 

Drill. 

Speed 
tor Soft 
Steel I 

Speed 
for i 
Iron 

Speed 

for 

Brass. 

^ 1 

1.884 

2,128 

.lt»48 

l.V 

108 

125 

215 

hi 

012 

l,0>4 

1,824 

1% 

102 

118 

203 

im 

608 

710 

1,21b 


96 

112 

192 

k 

456 

533 

9U 

1^4 

91 

106 

182 

s 

865 

425 

730 

i 

87 

101 

174 


304 

355 

608 

1% 

83 

97 

165 


260 

804 

520 

U\ 

80 

93 

150 

H 

228 

266 

45b 

1>9 

70 

89 

152 

• 

303 

236 

405 

1 * 

73 

85 

: 145 

7S 

1 182 

213 

365 


70 

82 

140 

41 

166 

! 194 

332 

1 iX 

t»8 

79 

135 


152 

m 

304 

1^ 

ti,> 

7b 

130 

41 

140 

164 

280 

Hi 

63 

73 

135 


130 

152 

260 

i« 

bO 

71 

122 


122 

142 

24.} 

111 

69 

69 

118 


114 

133 

228 

li 

2 

57 

67 

114 
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Table of Allowances for Grinding 


Length 3' 

6' 

9" 

12'" 

15^ 

18' 

24' 

30' 

36' 

42' 

48' 

Dum 

3^ 

010 

010 

010 

010 

015 

015 

015 

020 

020 

020 

020 

H 

010 

010 

010 

010 

015 

015 

015 

020 

020 

020 

020 

1 

010 

010 

010 

015 

015 

015 

015 

020 

020 

020 

020 


010 

010 

015 

015 

015 


015 

020 

020 

020 

020 

Hi 

010 

015 

015 

015 

015 

015 

020 

020 

020 

020 

020 

2 

015 

015 

015 

015 

015 

020 

020 

020 

020 


025 

2M 

015 

015 

015 

015 

020 

020 

020 

020 

020 

025 

025 

2^ 

015 

015 

015 

020 

020 

020 

020 


025 

025 

025 

3 

015 

015 

020 

020 

020 

020 

020 

025 

025 

025 

025 

00 

015 

020 

020 

020 


020 

025 

025 

025 

025 

025 

4 

020 

020 

020 

020 

020 

025 

025 

025 

025 

ESI 

030 

4J/2 

020 

020 

020 

020 

025 

025 

025 

025 

.025 

030 

030 

5 

020 

020 

020 

025 

025 

025 

025 

0 ^ 

.030 

030 

030 

6 

020 

020 

025 

025 

025 

025 

025 

.030 

.030 

030 

030 

7 

020 

025 

025 

025 

025 

025 

030 

.030 

030 

030 

030 

8 

025 

.025 

025 

025 

025 

030 

030 

.030 

030 

030 

030 

9 

025 

025 

025 

025 

030 

030 

030 

030 

030 

030 

030 

10 

025 

025 

025 

030 

030 

030 

030 

030 

030 

030 

030 

11 

025 

025 

030 

030 

030 

030 

030 

030 

030 

030 

030 

12 

030 

030 

030 

030 

030 

030 

030 

030 

030 

030 

030 
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WEIGHT IN POUNDS OF A LINEAL FOOT OF.ROUND, SQUARE 
AND OCTAGON STEEL 


Size 

in 

Inches 

Round 

Octagon 

Square 

Size 

in 

Inches 

Round 

Octagon 

Square 



We 


010 


Oil 


013 


16 

79 


71 

21 

37 

H 


042 


044 


053 


18 

51 

19 

52 

23 

56 

We 


094 


099 


120 

2% 

20 


21 

42 

25 

86 

H 


168 


177 


214 


22 

20 

23 

41 

28 

27 

We 


,262 


277 


334 

3 

24 

17 

25 

50 

30 

78 

H 


378 


^98 


491 

3H 

26 

23 

27 

66 

33 

40 

We 


514 


542 


655 

3*4 

28 

37 

29 

92 

36 

12 

H 


671 


708 


855 

3^8 

30 

59 

32 

27 

38 

95 

We 


850 


896 

1 

082 


32 

90 

34 

70 

41 

89 


1 

049 

1 

107 

1 

336 

3^8 

35 

29 

37 

23 

44 

94 

^We 

1 

270 

1 

339 

1 

616 


37 

77 

39 

84 

48 

09 


1 

511 

1 

594 

1 

924 


40 

33 

42 

54 

51 

35 

^We 

1 

773 

1 

870 

2 

258 


42 

97 

45 

33 

54 

72 

H 

2 

056 

2 

169 

2 

618 

4*i 

48 

51 

51 

17 

61 

77 


2 

361 

2 

490 

3 

006 

4K* 

54 

39 

57 

37 

69 

25 

1 

2 

686 

2 

833 

3 

420 


60 

60 

63 

92 

77 

16 

IH 

3 

399 

3 

585 

4 

328 

5 

67 

15 

70 

83 

85 

50 


4 

197 

4 

427 

5 

144 

5}^ 

74 

03 

78 

08 

94 

26 

IVb 

5 

078 

5 

356 

6 

466 


81 

25 

85 

70 

103 

45 

iH 

6 

044 

6 

374 

7 

695 

5^4 

88 

80 

93 

o7 

113 

07 


7 

093 

7 

481 

9 

031 

6 

96 

69 

101 

99 

123 

12 

iH 

8 

226 

8 

674 

10 

474 

7 

131 

61 

138 

82 

167 

58 

iVs 

9 

443 

9 

960 

12 

023 

8 

171 

90 

181 

32 

218 

88 

2 

1 

744 

11 

332 

13 

680 

9 

217 

57 

229 

48 

277 

02 


12 

129 

12 

793 

15 

443 

10 

268 

60 

283 

31 

342 

00 

2H 

13 

598 

14 

343 

17 

314 

11 

325 

01 

342 

80 

413 

82 

2H 

15 

151 

15 

981 

19 

291 

12 

386 

79 

407 

97 

492 

48 


PROPORTIONATE WEIGHT OF CASTINGS TO WEIGHT OF 
WOOD PATTERNS 


A Pattfrn WEK.iiiNr ()\i 
Pol NT), Made oi 
(Less Weight of Core Print'^) 





1 

Zinc 

Pine or Fir 

16 

15 S 

16 7 

16 3 

m 

13 5 

Oak 

9 

10 1 

10 4 

10 3 


8 6 

Beech 

9 7 

IP 9 

11 4 

11 3 

IB 

9 1 

Linden 

n 4 

15 1 

16 7 

15 5 

■SI 

12 9 

Pear 

10 2 

11 5 

11 9 

11 8 

12 4 

9 8 

Birch 

10 6 

11 9 

12 3 

12 2 

12 9 

10 2 

Alder.. 

12 S 

14 3 

14 0 

14 7 

15 5 

13 2 

Mahogany . . 

11 7 

13 2 

13 7 

1 ^ 5 

14 2 

11 2 

Brass 

0 85 

0 95 

0 99 

0 98 

1 0 

0 81 
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AUOWANCES FOR FITS IN AUTOMOBILE CONSTRUCTIW 


,Fits in automobile construction can be divided into. 

Force Fits 

To be used in parts where disassembling will hardly be required and which are 
assembled by means of h>draulic or screw presses, or when hot 

Driving Fits 

To be used in parts where close adherence is required, but which must be as em- 
bled and disassembled with no other help than an ordinary hammer, such as fly- 
wheels, gear wheels, ball-beanng inner races, etc 

Push Fits 

To be used in parts without relative motion in actual work but which must 
have sufficient freedom to be assembled by hand, such as bolts, slip joints, ball 
bearing outer races etc 

Running Fits 

To be used m parts possessed of relative motion in normal running these can 
be subdivided into, 

Easy Fits, where great freedom of running is required with possibility of scant 
lubncation, such as valve guides, control connections, clutch shafts, etc 

Close Fits , to be used m all high-speed work and especially the engine and transr 
mission 

Fuie Fits , to be used in parts where great accuracy is required or where, while 
the motion is slight the stresses are of an alternating or vibratory nature such 
as connecting rod small ends steering connections etc , efficient lubrication 
must be provided if the motion is frequently recurring 

Fft Allowances 

In the allow'ances pven in the following the expansion of metals when of different 
nature or exposed to heat in a different degree, such as is the case in some parts of enguie 
construction, has not been taken into account 


Allowance 

Over Nominal Diameter for Force 

Fits 



Nominal diameter 

r r 

2" 


3' 

Maximum 

0 50100 1 00200 

2 00400 

3 

00600 

Minimum 

0 50050 1 00150 

2 00300 

3 

00450 

Allowance 

0\ER Nominal Diameter for Driving 

Fits 



Nominal diameter 

V r 

2" 


y 

Maximum 

0 50050 1 00100 

1 00125 

1 

00350 

Minimum 

0 50025 1 00075 

1 00100 

1 

00150 

Allow'ante 

Below Nominal Diameter for Push 

Fits 



Nominal diameter 

i" r 

2" 


V 

Maximum 

0 4‘>07 5 0 99050 

1 99900 

2 

99850 

Minimum 

0 49925 0 99000 1 

99850 

2 

99800 

Allowance Below' \o\II^'^L Diameter for Running Fits 




FASV UTS 




Nominal diameter 

r r 

2"^ 


y 

Maximum 

0 49900 0 99875 

1 90825 

2 

99800 

Minimum 

0 49800 0 99725 

I 99650 

2 

99575 


CLOSE PITS 




Nominal diameter 


2' 



Maximum 

0 59925 0 99900 

1 99875 

2 

90850 

Minimum 

. 0 59875 0 99800 

1 99750 

2 

99700 


FINE FITS 




Nominal diameter 

V 

2*^ 


3" 

Maximum 

, 0 59950 0 99925 

1 99925 

2 

99900 

Minimum 

0 59925 0 99875 

1 99850 

2 

99800 


For intermediate dimensions companson between the size immediately below and that 
immediately above will give the safe allowances in each case 
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FORHULA FOR CALCULATING LENGTH OF CHAIN 

(DIAMOND CHAIN AND MPO CO ) 



D mm DistA&ea betrfrceti centers. 

A •» Distance between limits of contact. 

R •» Pitch radius of large sprocket. 

r ■■ Pitch radius of small sprocket 

N No. of teeth on large sprocket 

« •- No, of teeth on small sprocket 

P ■» Pitch of chain and sprockets 

i8o® a « — Angle of contact — large sprocket. 

i8o® a oc — Angle of contact — small sprocket. 


QC 


I i? - r 


Sin •P 
A ■* D Cos oc 


Total length of chain. 

180 H- a 00 180 - a oc 


1^-360 NP 


360 nP -t-aD Cos ae 
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Engine Lathe Gearing for Cutting Threads 

Refer to the screw cutting table and see what number of turns to an inch 
IS cut with equal gears This number is the number of turns to an inch that 
we assume the lead screw has, no matter what its real number of turns to an 
inch IS, 

Siiii|>le Gearing. 

"Write the number of turns to an inch of the lead screw above a line, and 
the number of turns to an inch of the screw to be threaded below the line, thus' 
expressing the ratio in the form of a fraction, the lead screw being the numer- 
ator and screw to be threaded the denominator ^ Now find an equal fraction 
m terras that represent numbers of teeth in available gears The numerator 
of this new fraction will be the spindle or stud gear and the denominator the 
lead screw gear The new fraction is usually found by multiplying the num- 
erator and denommatar of the first fraction by the same number 

Exampi^f — Required to cut a screw having 11 M threads per inch We find 

4 6 24 

cm the index that 48 to 48 cuts 4 threads per inch then — X — - 


Put the 24 tooth gear on the stud and the 611 tooth gear on the lead screw to 
cut 11^ threads per inch 

Any multiplier may be used to obtain gears that are available 

Compound Gearing. 

Write the number of turns to an inch of the lead screw as the numerator 
of a fraction and the turns of the screw to be threaded as the denominator 

Factor this fraction into an equal compound fraction 

Change the terms of this compound fraction either b\ multiplvtng or 
dividing into another equal compound fraction whose terms represent num- 
bers of teeth in aiailable gears 

Then the two terms m the numerator represent the number of teeth in the 
gears to be used as drivers and those iii the denominator the gears to be used 
as driven gears 

Example— Required to cut a screw having 3’^ niches lead or ^ turns to an 
inch. lycad screw is 1 ]^ inches lead or % turns to an inch 


2 . 4 2 X n 2 X 13 

3 1.3 3x4 1 V 12 


Multiply numerator and demoninator by 5 


2 x_(13 X 5) 2 x65 

1 X (12 x~§) 1 X 60 


Multiply numerator and denominator bv 24. 


(24 X 2) X 6.5 48 x a'> 

(24 X J ) X 60 24 X 60 


The 48 tooth and 65 tooth gears will be the drivers and the 24 tooth and 60 
tooth gears the driven 

Any multiplier may he used to obtain gears that are available 


HOW TO USE CHART OF GEAR RATIOS, TIRE SIZES AND 
CRANKSHAFT REVOLUTIONS PER MINUTE 

Given the miles per Jiour, gear ratio, and tire sizes and the 
revolutions of a crankshaft per minute: For illustration, suppose 
the car is traveling at 80 miles per hour with 34-inch tires and n 
gear ratio of 1.5 to 1. Prom the figure 80 move right to the inter- 
section of the gear ratio line designed as 1.5. From this p)oint mov* 
up to the diagonal of 34 inches. From this point move right t< 
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the margin where the revolutions of tlie eranhshaft speed per min- 
ute arc* shown ; 1,200 in this case*. Given the erankshaft revolutions 
per minute, the tire diameters and miles per hour, find the gear 
ratio. Su})}M)sing the motor is turning ovc*r at 1,000 revolutions 
per niinut(‘, that 42-ineh tires are used, and the car is traveling at 
50 miles ]>er hour. Go left from tin* 1,000 on the right margin until 
the interscHdion of the 42-inch tire-size line. From this point go 


loit*; 



up to the intersection of the 50-mile-per-hour horizontal line. Tlu^ 
intersection of this line also cuts the gear ratio of 2.7 line, which is 
the gear ratio employed. 

Given crankshaft revolutions per minute, size of tires and gear 
ratio, in order to find miles per hour, proceed as follows: Go hh 
from crankshaft speed — say 1,000 revolutions per minute — to tir** 
size — say 28-inch. From this point go up or down to intersection 
of gear ratio line — say 1.5. Then go left to 55 miles per hour. If 
we have given crankshaft speed in revolutions per minute, miles 
per hour and gear ratio, the tire sizes may be obtained by goum 
left from crankshaft speed to the intersection of the gear ratio Inn* 
and thence up or down to the miles per liour, wJiiefi point will mai'K 
the intersection of the required tire diamet(‘r 


COMPARATIVE SCALE — FahraiKat & Centigrade Thermometers 



ilMnaoKMttr 
Crati|^d« tkcroMoMtu- 
RMiuBiir theraamtar 
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time per mile expressed nr miles per hour 


Time for 
one mile 
Min. Sec. 


Miles 
Per hour 

Time for 
one mile 
Mm. Sec. 




Mileis 
Per hour 

Time for 
one mile 
Mm. Sec. 


MUes 
Per hour 

0 

36 


100.00 

1 1 

12 


50.00 

1 

47 


33.64 

0 

37 

mm 

97.30 

1 1 

13 

mm 

49.31 

1 

48 

as 

33.33 

0 

38 

mm 

94.74 

1 

14 

mm 

48.65 

1 

49 

SB 

33.03 

0 

39 

mm 

92.31 

1 

IS 

wm 

48.00 

1 

50 

n 

32.72 

0 

40 

mm 

90.00 

1 

16 

mm 

47.37 

1 

Si 

ssm 

32.43 

0 

41 

mm 

87.80 

1 

17 

SB 

46 . 7 S 

1 

52 

ms 

32.14 

0 

42 

mm 

85.71 

1 

18 


46.15 

1 

53 

mm 

31.86 

0 

43 

SS* 

83.72 

1 

19 

» 

45.57 

1 

54 

mm 

31.58 

0 

44 

mas 

81.82 

1 

20 

BO 

45.00 

1 

55 

am 

31.30 

0 

45 

css 

80.00 

1 

21 

= 

44 44 

1 

56 

a= 

31.03 

0 

46 

B* 

78.26 

1 

22 

SK 

43.90 

1 

57 

mm 

30.77 

0 

47 

asm 

76.60 

1 

23 

bk 

43.37 

1 

58 

=s 

30.50 

0 

48 

mm 

75.00 

1 

24 

» 

42.86 

1 

59 

as 

30.25 

0 

49 

sm 

73.47 

1 

25 

i=a 

42.35 

2 

0 

sas 

30.00 

0 

50 

mm 

72.00 

1 

26 

BS 

41.86 

2 

3 

S5» 

29.26 

0 

51 

mm 

70.59 

1 

27 

sss 

41 38 

2 

6 

» 

28,57 

0 

52 

SM 

69.23 

1 

28 

am 

40.91 

2 

9 

oa 

27.90 

0 

S 3 

ma 

67.92 

1 

28 

aa 

40.91 

2 

9 

mm 

27.90 

0 

54 

sam 

66.67 

1 

29 

SBC 

40.45 

2 

12 

mm 

27.27 

0 

SS 

asm 

65 .45 

1 

30 

33 

40.00 

2 

15 

B» 

26.66 

0 

56 

sas 

64.29 

1 

31 

tm 

39.56 

2 

18 

as 

26.08 

0 

57 

sxst 

63.16 

1 

32 

asm 

39.13 

2 

21 

eas 

25.53 

0 

58 

mm 

62.07 

1 

33 

sm. 

38.71 

2 

24 

= 

25.00 

0 

59 

•m 

61.02 

1 

34 

mm 

38 30 

2 

27 

ear 

24.49 

1 

0 

fOs 

60.00 

1 

35 

ma 

37.89 

2 

30 

=35 

24.00 

1 

1 

mm 

59.02 

1 

36 

» 

37.50 

2 

33 


23.53 

1 

2 

asai 

' 58.06 

1 

37 

BO 

37.11 

2 

36 

» 

23.07 

1 

3 

sa 

57,14 

1 

38 

S=» 

36.73 

2 

39 

SS 

22.64 

1 

4 

sa 

56.25 

1 

39 

CB 

36.36 

2 

42 

■» 

22.22 

1 

5 

am 

55.38 

1 

40 

BS 

36.00 

2 

45 

as 

21.81 

1 

6 

tarn 

54.55 

1 

41 

sm 

35.64 

2 

48 

mm 

21.42 

1 

7 

mm 

53.73 

1 

42 

so 

35.29 

2 

SI 

sm 

21.05 

1 

8 

mm 

52.94 

1 

43 

SS 

34.95 

2 

54 

SB 

20.69 

1 

9 

mm 

52.17 

1 

44 

3S 

34.61 

3 

0 

— 

20.00 

1 

10 

mm 

51.42 

1 

45 

sa 

34.28 





1 

11 

“ 

50.70 

1 

46 


33.96 

•• 

... 


— 


ERGLISH AND METRIC SPEED EQUIVALENTS 

I 

To obtain velocity in feet per second multiply the si^eed in miles per 
hour by 1.4664* , , - . 

Velocity ft. per sec. -Miles per hour x 1-4664- i * n aat 

One mile per hour— 1.466 ft. per second— 88 ft. per minute— 0 447 

meters per second — 26.8 metres per minute. , ^ 

i Kin. per hour-0.914 meties per second -54.9 ft. per mmute-0.62i 
mL per hour. 
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APPROXIBATE horsepower of FOURJCYO^ AUTOHOBILE ENGINES* 
Table of ConcUuita for VarUUe Speeds ^nd Strokes 


Revolutions per Minute op Motor 


Stroke 
an Ins< 

Soo 

550 

600 

650 

700 

750 

S«o 

850 

900 

950 

1. 000 

I 050 

B 

■ 

1,300 

t.oo.. . 

0 89 

098 

.107 

.1x6 

134 

*34 

143 

153 

161 

■ !! 

*78 

*87 

196 

.305 

BB 

* as •« • 

IDO 

. 1 X 0 

.130 

.130 

140 

*51 

ido 

*71 

181 

B ! 1 

200 

310 

330 

33* 

Wat 

f 50 • 

XZ 3 

las 

*33 

*45 

*56 

167 

176 

189 

301 

K ! ! 

223 

233 

245 

257 

mm 

a 75 • 

**3 

*35 

146 

*59 

172 

184 

196 

208 

331 

233 

24‘5 

356 

270 

382 

BB 

3 00 , 

*34 

■ H 

K g 

174 

187 

201 

214 

327 

24* 

-54 

267 

379 

394 

308 

333 

3 as • • 

*45 

m ; 1 

B B 

.i88 

303 

319 

232 

346 

361 

275 

389 

303 

3*9 

333 

349 

3 SO 

*56 


B W 

.303 

318 

234 

250 

265 

381 

296 

3*2 

326 

343 

359 

375 

3 75 .*• 

167 

1 j |j 

B S 

ai8 

334 

252 

266 

384 

30* 

317 

334 

349 

368 

38s 

40X 

4 00 

*78 

B ! g 

B V 

23a 

349 

268 

385 

303 

321 

339 

356 

373 

392 

411 

.439 

! ! 

wm 

B 1 S 

K 9 

346 

364 

285 

303 

.322 

341 

360 

378 

396 

.416 

.436 

456 


300 

330 

340 

361 

380 

305 

331 

34 * 

361 

38* 

400 

419 

,44* 

461 

.485 

! 

3 X 3 

333 

353 

373 

295 

3*9 

339 

360 

381 

402 

423 

443 

466 

486 

.509 


333 

245 

366 

390 

3 *a 

335 

357 

379 

401 

423 

445 

466 

49 * 

5*2 

•536 


«34 

357 

279 

304 

337 

35 * 

375 

398 

431 

444 

467 

400 

sm 

538 

•563 


Bh 

370 

393 

3*8 

343 

368 

393 

4*7 

441 

465 

1 489 

5*3 

540 

564 

590 

1 


383 

307 

33a 

369 

385 

4*0 

436 

461 

486 

5*2 

536 

564 

589 

.616 

7 $ 1*>0 . . . 

.368 

1 

394 

330 

348 

375 

402 

428 

455 

481 

508 

535 

559 

.589 

.615 

643 


4 


^ Bore 
in Ins. 

Square 

of 

Bore 

t .00 

4.00 

a. 3 S* 

5 o 4 

a SO 

6 as 

•*rs 

7 . 55 

3 00 

9.00 

3*5 

xo $6 

3 -SO 

xa.as 

3-75 

*4 05 ' 

4.00 

x 6 .oo 

4. as 

iS.os 

4 50 

ao.ao 

4.75 

aa.ss 

5.04 

§5.00 

S»S 

a 7 - 5 o 

5. $4 

30.30 

5*75 

33 OS 

6 . 4 o 

34.00 


Rule — Multiply number to right of bore by number in 
upper table at intersection of proper R P M and stroke 
columns. 

Example — Fmd approximate horsepower developed by 
motor having 425'^ boro and 5' stroke at 800 revolutions 
per minute 

Under 4 25 bore we find 18 03 

At intersection of 5* stroke lino and 800 R PJM, column 
in upper table we find 357 

The product of these numbers gives the horsepower, 
thus 

Approximate norsepower — 1 8 05X 3 S 7 iS HP. 

These figures have been computed for the average M E P 
as found m the ordinary motor car engine, but of course 
will vary with increase or decrease m compression and with 
di0eient mechanical efficiencies 

•For rriulti cylinder enfiaes. multiply by number of cyUndcre. Above 
formula givei H P for only one cylmier 
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Tw<x7c]e £ngui«t 


Z> — Diameter of cylinder in inches^ L — Stroke of piston in \nchts R «- Revo» 
lutions per minute of crank shaft n -» Number of cylinders 


' Authority for Formula 

Factors Used 

Constant or Divisor 

Roberts. Gas 

O'* X L X R X n 

14000 

Roberts Gasoline 


U 500 

American Power Boat Asso 
ciation ♦ 

X n 

I 65 

=» 2 1008 

7 ? 54 

Same for less than 6 inches 
stroke. 

X L X n 

12 X 85 

V 7 S <4 


♦The above are for automobile racing boat engines, for others the rating is taken 
as t^^o- thirds of the above formulas For engines haMng a disyilacer c> Under or 
cylinders the above rating 15 increased in the rat.o that the displacer piston s displace- 
ment bears to that of the working cylinders 


INDICATED HORSEPOWER 


On account of the great difficulty of securing good indicator cards at the high*piston 
and rotative speeds of automobile motors this is ^ery little employed The manograph 
which IS employed for obtaining cards or diagrams from high-speed motors, as a general 
thing does not have an equal pressure scale and therefore does not readily lend itself 
to the accurate determination of I H P 

The indicated H P may of course be determined approximately by assuming a 
certain mechanical efficiency for the motor under consideration This vanes from 
as high as 90 per cent in some cases to lower than 70 per cent m others, the average 
would probably be not far from 80 per cent 

The fomfUla for I H P , the bore and stroke being known as well as the R P M. 
and the mean effective pressure, is, 

X L X R P M X n X M E F ^ I H P (for4-c>cle) 


33,000 X 12 X 2 


7854 

This constant equals 550,000 and the formula becomes 


D^XLXnxMEP X R 


550 000 

The constant for 2-cycle is 27*;, 000 

A formula which is given by Grover for the mean effcctne pressure, the compression 
being known, is as follows 

M E P - 2C - o oi C* 

C ■» Compression pressure above atmosphere in pounds per square inch 

This formula does not hold good for compression pressures over 100 pounds per 
square inch above atmosphere Comparatively recent data seems to prove the reliability 
01 this formula, also the fact, which Grover points out, that under^ favorable con- 
ditions, the values given by this formula may be slightly exceeded,, Tests with higher 
pressures than 100 pounds show that the M E P tends to remain At roo pounds per 
square inch 

iThe compression pressure may be obtained by some form of gauge, the ignition 
for that cylinder being cut off, or m case the volume of the explosion chamber is known 
„ it xnar be obtained from the formula 

■» Constant P being the absolute pressure 

V being taken in the one case as the volume of the combustion chfttnber and in the 
other as the above plus the piston displacement P being m one hasc &tmo9p%cnc 
pressure and in the other the absolute compression pressure Of course for C in Grover'* 
formula the assumed atmospheric pressure should be subtracted from the result oh* 
tamed by this formula. 
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COMPRESSIOIf PRESSURE WITH DITEERBHT 
CYLinUER CLEARANCES 


Cylinder 
Clearance, 
in Per Cent, 
of Piston 
Dis- 
place- 
ment 

Mechanical 
[ CoiMression 
Ratio 

Comprf^ssion Pressure, 
Pounds pei Square ^Inch 
Absolute 

Low 

Medium 

High 

20 

6, 

100 

130 

154 

21 

5.76 

95 

125 

145 

22 

5.55 

91 

120 

138 

23 

5.35 

87 

115 

132 

24 

5.17 

83 

110 

126 

25 

5. 

80 

105 

121 

26 

4 85 

77 

101 

116 

27 

4 70 

74 

97 

111 

28 

4 57 

71i 

94 

107 

29 

4,45 

69 

90 

103 

30 

4.33 

67 

87 

99 

31 

4.23 

65 

84 

96 

32 

4 125 

63 

81i 

93 

33 

4.03 

6H 

79 

91 

34 ! 

3 94 

60 

77 

88 

35 

3 86 

58 

75 

85 

36 

3 78 

56i 

73 

83 

37 

3.70 

55 

71 

81 

38 

3. -63 

54 

69 

79 

39 

3.56 

53 

67i 

77 

40 

3.5 

52 

66 

75 


Computed by Cecil P. Poole. 
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^ mhsumsnsm of grades 



nXUSTRATIWG METHOD OF CAECULATIHG GRADE PERCElfTAGES 

If it be assumed that the base of the tnangle represents a line t,ooo feet 
long and that the first sloping line represents a road having a nse that bangs 
it 50 feet above the starting point, this is figured as 50 feet in a thousand, 
or s per cent In other words, one foot of nse for every 20 feet, but the 
latter instance does not mean distance actually traveled by a car in ascending 
such a slope, but distance measured honzontally with reference, to that 
slope. The grade is measured by the tangent of the angle of inclination 
and not by its sine, so that a grade which represents xoo per cent corre- 
sponds to an angle of inclination of but 45 degrees, and not 90 degrees, or 
perpendicular, as is commonly supposed. At the upper end of the next 
sloping line the elevation would amount to 66 J feet, which is equivalent to a 
rise of one foot for every 6^ feet traveled honzontally. So one in l^ree corre- 
sponds to a 33 1-3 per cent grade, one in two to a 50 per cent grl^« and so 
until a 100 per cent grade is reached, which, as noted, is the equivalent of 
"a 4S degree angle. 
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TABLE OF gISADIENTS 


GRADE 

Equal to 

Angle of 

Rise or Fall 
in One Mile. 

Feet 

Per Cent 

Units 



30 

1 m 

5 

11 “ 

19' 

I 056 

I? 

X “ 

6 


^ 36' 

880 


I “ 

7 

8 ^ 

09' 

754 

X 3 5 


8 

7" 

08 

635 

tl 


9 

6*^ 

17' 

586 

tc 

u 

10 

5 " 

43' 

528 

9 


1 1 

5 “’ 

II' 

480 

8 


xa 

4" 

46' 

440 

7 7 S 


*5 

4" 

34' 

406 

7 


14 

4 "^ 

os' 

337 

65 

X 

*5 

3 ** 

49' 

35a 

6 *5 


x6' 

3 " 

35' 

330 

6 


17 

3 ° 

3 Z * 

310 

5 5 

X ** 

18 

3 ® 

ll * 

293 

5 


10 

3 ® 

00' 

277 

5 

1 " 

20 

3° 

53' 

204 

4 

I ** 

25 

3^ 

18' 

2X8 

3 3 

1 

30 

T® 

55' 

255 

a 8 

1 ** 

35 

1® 

3 «' 

152 

» 5 


40 


26' 

tja 
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AUTOMOBILE 

THE MODERN GASOLINE AUTOMOBILE— ITS DESIGN, C50NSTRUCT10N, 
MAINTENANCE AND REPAIR. By Vieron W. Paqb, M. S. 

The latest and most complete treatise on the Gasoline Automobile ever issued. Wrlttsai 
In simple langmage by a recognized authority, familiar with every branch of the automobOe 
Industry. Free from technical terms Everything is exi, '.aineU so simply that anyone of 
average intelligence may gain a comprehensive knowledge of the gasoline automobito. 
The information Is up-to-date and includes, in addition to an exposition of principles of 
construction and description of all types of automobiles and their components, valuable 
money-saving hints on the care and operation of motor cars propelled by internal combus- 
tion engines Among some of the subjects treated might be mentioned. Torpedo and other 
symmetrical body forms designed to reduce air resistance, sleeve valve, rotary valve and 
other types of silent motors, increasing tendency to %vor worm-gear power-transmission; 
imi versa! application of magneto ignition, development of automobile electric-lighting 
systems, block motors, underslung chassis, application of practical self-starters, long stroke 
and offset cylinder motors, latest automatic lubncation systems, silent chains for valvo 
operation and change-speed gearing , the use of front wheel brakes and many other detail 
refinements 

By a careful study of the pages of this book one can gain pi^actlcal knowledge of automobile* 
construction that will save time money and worry The boOk tells you just what to do, how 
and when to do it Nothing has been omitted, no detail has been slighted Every part of 
the automobile. Its equipment, accessories, tools, supplies, spare parts necessary, etc , have 
been discussed comprehensively If you are or Intend to become a motorist, or are in 
any way interested in the modern Gasoline Automobile, this is a book you cannot afford to 
be without Nearly 600 6x9 pages — and more than 500 new and sii^ally made detail Il- 
lustrations as well as many full page and double page plates, showing all parts of the 
automobile. Including nine large loldmg plates. Mce $2.50* 

BALLOONS AND FLYING MACHINES 

MODEL BALLOONS AND FLYING MACHINES. WITH A SHORT ACCOUNT OF 
THE PROGRESS OF AVIATION. By J. H Alexander 

This book has been written with a view to assist those who desire to construct a model airship 
or flying machine It contains five folding plates of working drawings, each sheet containing 
a different sized machine Much instruction and amusement can be obtained from the making 
and flying of these models 

A short account of the progress of aviation is included, which will render the book of greater 
interest Several illustrations of full sized airship and flying machines of the latest types are 
scattered throughout the text This practical work gives data, working drawings, and details 
which will assist materially those interested m the problems of flight. 127 pages, 45 illustra- 
tions, 5 folding plates. Price ... $X«60 

BRAZING AND SOLDERING ^ 


BRAZING AND SOLDERING. By James F. Hobart. 

The only book that shows you just how to handle any job of brazing or soldering that comes 
fdong, tells you what mixture to use, how to make a furnace if you need one. Full of 
valuable kinks. The fifth edition of this book has just been published, and to it much 
new matter and a large number of tested formulas for all kinds of solders and fluxes have 
been added. Illustrated 25 cent* 


CHARTS 


MODERN SUBMARINE CHART— WITH aoo PARTS NUMBERED AND NAMED. 

A cross-section view, showing clearly and distinctly all the Lu.terior of a Submarine of the 
latest type. You get more Information from this chart, about the construction and opera- 
tion of a Submarine, than in any other way No details omitted-HeVerything is accurate 
and to scale It Is absolutely correct in every detail, having been approved by Naval 
Bni^eers All the machinery and devices fitted In a modem Submarine Boat are shown, and 
to midie the engraving more readily understood afi the features are shown in optative fbnn* 
with Officers and Men in the act of performing duties assigned to them in servloe oon- 

wiiiu A.x eSoyclopedia of a ^ 


dhsioius. This CHART IS REALLY AN 
1 $ •dimtlonal and worth many times Its cost. 


A SUBMARINE. t% 

h|ailed in a Tube for. .26 eenta 
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BOX CAR CHART. 

A chart showing the anatomy of a box car, having every part of the car numbered and its 
proiier name given in a reference list ... 20 cents 

GONDOLA CAR CHART. 

A chart showmg the anatomy of a gondola car, having every part of the car numbered and 
its proper reference name given m a reference list . . . .... 20 cents 

PASSENGER CAR CHART. 

A chart showing the anatomy of a passenger car, havmg every part of the car numbered and 
Its proper name given in a reference list . . . 20 cents 

WESTINGHOUSE AIR-BRAKE CHARTS. 

Chart I — Shows (m colors) the most modern Westinghouse High Speed and Signal Eq^uip- 
ment used on Passenger Engines, Passenger Engme I'enders, and Passenger Cars (mart 
II — Shows (m colors) the Standard Westinghouse Equipment for Freight and Switch En- 
gines, Freight and Switch Engine Tenders, and Freight Cars Price for the set 50 cent# 

TRACTIVE POWER CHART. 

A chart whereby you can hnd the tractive power or drawbar pull of any locomotive, without 
making a figure Shows what cylinders are equal, how driving wheels and steam pressure 
affect the power What sized engme you need to exert a given drawbar pull or anything 
you desire in this line . . . 60 centg 

HORSE POWER CHART. 

Shows the horse power of any stationary engine without calculation No matter what the 
cylinder diameter of stroke, the steam pressure or cut-off, the revolutions, or whether con- 
densing or non-condensmg, it’s all there Easy to use, accurate, and saves time and calcu- 
lations Especially useful to engineers and designers 60 centi 

BOILER ROOM CHART. By Geo. L. Fowler 

A Chart — size 14 x 28 inches — showing m isometric perspective the mechanisms belonging 
m a modem boiler room Water tube boilers, ordinary grates and mechanical stokers, feed 
water heaters and pumps comprise the equipment The various parts are shown broken or 
removed, so that the internal construction is fully illustrated Each part is given a reference 
number, and these, with the corresponding name, are given in a glossary printed at the sides 
This chart is really a dictionary of the boiler room — the names of more than 200 parts being 
given It is educational— -worth many times its cost . 26 c«nu 

CIVIL EN6INEEBIN0 


HENLEY'S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AND ALLIED 
TRADES. Edited by Joseph G Horner, A M I E M 

This set of five volumes contains about 2,500 pages with thousands of illustrations, includjnit 
diagrammatic and sectional drawings with full explanatory details This work covers the 
entire practice of (hvil and Mechanical Engineering The best known experts in all branches 
of engmeering have contributed to these volumes The Cyclopedia is admirably well adapted 
to the needs of the beginner and the self-taught practical man, as well as the mechanical en- 
gineer, designer, draftsman, shop superintendent, foreman, and machinist The work will be 
found a means of advancement to any progressive man It is encyclopedic in scope, thorougl) 
and practical in its treatment of technical subjects, sinmle and clear m its descriptive mf^tter 
and without unnecessary technicalities or formulae The articles are as brief as may bft and 
yet give a reasonably clear and explicit statement of the subject, and are written by men who 
have had ample practical expenence m the matters of which they write Itt^Us tU*you 
want to know about engineering and teUs it so simply, so clearly, so concisely, thatiiiie cannot 
help but understand As a work of reference it is without a peer $ 6.00 per sragle volume 
For complete set of five volumes, price ... . $ 26.00 


COKE 

COKE-^MODERN COKING PRACTICE- INCLUDING THE ANALYSIS OF 
MATERIALS AND PRODUCTS. By T. H. Byrom and J E Christopher. 

A handbook for those engaged in Coke manufacture and the recovery of By-products Folly 
illustrated with folding plates. It has been the aim of the authors, in preparing this bnok. 
to produce ore which shall be of use and benefit to those who are associate with, or Intor- 
ested in, the modem developments of the industry. Contents: I. Introductory U, Oe»' 




CATALOGUE OF GOOD. PRACTICAL BOOKS 


eral Classification of Fuels III Coal Washing IV The Sampling and Valuation of Coat, 
Coke, etc V The Calorific Power of Coal and Coke % I Coke Ovens VII. Coke Ovens, 
continued VIII Coke Ovens, contmued IX Charging and Discharging of Coke Ovens, 
X. Coolmg and Condensing Plant XI Gas Exhausteis XII Composition and Analysis 
of Ammoniacal Liquor XIII Working-up of Ammoniacal Liquor XIV Treatment Of 
Waste Gases from Sulphate Plants XV Valuation of Ammonium Sulphate XVI Direct 
Recovery of Ammonia from Coke Oven Gases XVII Lu -plus Gas from Coke Oven. Use- 
ful Tables Very fully illustrated Price . . . .... . . $8.50 net 

COMPRESSED AIR 


COMPRESSED AIR IN ALL ITS APPLICATIONS. By Gardner D Hiscox. 

This IS the most complete book on the subject of Air that has ever been issued, and its thirty- 
five chapters include about every of the subject one can think of It may be called an 
encyclopedia of compressed air It is written by an expert, who, in its 665 pages, has dealt 
with the subject in a comprehensive manner, no phase of it being omittecf Includes the 
physical properties of air fiom a vacuum to its highest pre.>sure its thermodjoiamlcs, com- 
pression, transmission and uses as a motive power, m the Operation of Stationary and Port- 
able Machinery, in Mining. Air Tools, Air Lifts, Pumping of Water, Acids, and Oils, the 
Air Blast for Cleaning and Painting, the Sand Blast and its AVork, and the Numerous Appli- 
ances in which Compressed Air is a Most Convenient and Economical Transmitter of Power 
for Mechanical Work, Railway Propulsion, Refrigeration and the Various Uses to which 
Compressed Air has been applied Includes forty-four tables of the physical properties of 
air. Its compression, expansion, and volumes required for various kinds of work, and a list of 
patents on compressed air from 1875 to date Over 500 illustrations, 5th Edition, revised and 
enlarged Cloth bound, $6.00* Half Morocco, price , , $6>60 

" CONCRETE 


ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. Houghton. 

The process for making ornamental concrete without molds has long been held as a secret, and 
now, for the first time, this process is given to the public The book reveals the secret and Is 
the only book published which explains a simple, practical method whereby the concrete worker 
is enabled, by employing wood and metal templates of different designs, to mold or model in 
concrete any Cornice, Archivolt, Column, Pedestal, Base Cap, Urn or Pier m a monolithic 
form — right upon the job These may be molded in units or blocks, and then built up to suit the 
specifications demanded This work ib fully illustrated, with detailed engravings Price $2.00^ 

CONCRETE FROM SAND MOLDS. By A A Houghton 

A Practical Work treating on a process which has heretofore been held as a trade secret by 
the few^ who possessed it, and which will successfully mold every and any class of ornamental 
concrete work The process of molding concrete with sand molds is of the utmost practical 
value, possessing the manifold advantages of a low cost of molds, the ease and rapidity of 
operation, perfect details to all ornamental designs, density, and increased strengtn of the 
concrete, perfect curing of the work without attention and the easy removal of the molds re- 
gardless of any undercutting the design may have. 192 pages Fully illustrated Price $2.00 

CONCRETE WALL FORMS. By A A. Houghton 

A new automatic wall clamp is illustrated with working drawmgs Other types of wall 
forms, clamps, separators, etc , are also illustrated and explained . . . 60 cents 

CONCIIETE FLOORS AND SIDEWALKS. By A A Houghton 
T he raoMte for molding squares, hexagonal and many other styles of mosaic floor and side- 
walk blocks are fully illustrated and explained . . . ... 60 cents 

PRACTICAL CONCRETE SILO CONSTRUCTION. By A A. Houghton. 

Complete working drawings and specifications are gixen for several styles of concrete silos 
With illustrations of molds for monolithic and block silos The tables, data and mformatiori 
presented in this book are of the utmost value m planning and constructing all forms of concrets 
• * • • 50 cents 

MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By 

A. A. Houghton. 

The manufacture of all types of concrete slate and roof tile is fully treated. Valuable data 
on all forms of reinforced concrete roofs are contained within its pages The construction of 
oonopete chimneys by block and monolithic systems is fully illustrated and described A 
nutht>er of ornamental designs of chimney construction with molds are shown m this valu- 
ahJe treatise oenia 
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MOLHIHG AND CURING ORNAMENTAL CONCRETE. By A. A. Hotqhton. 

The projper proportions of cement and aggregates for various finishes, also the methods ot 
thoroughly mixing and placing in the molds, are fully treated An exhaustive treatise on this 
subject that every concrete worker will find of daily use and value .... 50 cents 

CONCRETE MONUMENTS, MAUSOLEUMS AND BURIAL VAULTS. By A. A. 

Houghton- 

The molding of concrete monuments to imitate the most expensive cut stone Is explained in 
this treatise, with working drawings oi easily built molds. Cutting inscriptions and designs 
is also fully treated .60 cents 

MOLDING CONCRETE BATH TUBS, AQUARIUMS AND NATATORIUMS. 

By A, A. Houghton. 

Simple molds and instruction are given for molding many styles of concrete bath tubs, 
swimming pools, etc These molds are easily built and permit rapid and successful 
work .60 cenu 


CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A. Houghton. 

A number of ornamental concrete bridges with illustrations of molds are given A collapsible 
center or core for bridges, culverts and sewers is fully illustrated with detailed instructions for 
building • ... 50 cents 

CONSTRUCTING CONCRETE PORCHES. By A. A. Houghton. 

A number of designs with working drawings of molds are fully explamed so anyone can easily 
construct different styles of ornamental concrete porches without the purchase of eimensive 
molds . 60 cents 

MOLDING CONCRETE FLOWER POTS, BOXES, JARDINIERES, ETC. By 

A. A. Houghton 

The molds for producing many original designs of fiow'er pots, urns, flower boxes, Jardinieres, 
etc., are fully illustrated and explamed. so the worker can easily construct and operate 
same .... 50 centi 

MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS, By 

A. A. Houghton. 

The molding of a number of designs of lawn seats, curbing, hitching posl.5, pergolas, sun dials 
and other forms of ornamental concrete for the ornamentation of lawns and gardens, li 
^ully Illustrated and described 60 cenu 

CONCRETE FOR THE FARM AND SHOP. By A. A. Houghton. 

The molding of drain tile, tanks, cisterns, fence posts, stable floors, hog and poultry bouaes 
and all the purposes for which concrete is im-mvaluable aid to the farmer are numbered 
among the contents of this handy volume 60 cents 

POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By Mtbon 
H. Lewis, 

This is a concise treatise of the principles and methods employed In the manufacture and use 
of cement in all classes of modem works The author has brought together in this work all 
the salient matter of Interest to the user of concrete and its many diversified products The 
matter is presented in logical and systematic order, clearly written, fully illustrated and flree 
from involved mathematics Everything of value to the concrete user is given including kinds 
of cement employed in construction, concrete architecture, inspection and testing, watei* 
proofing, coloring and painting, rules, tables, working, and cost data. The book comprises 
thirty-three chapters, as follows* 

Introductory. Ktads of Cements and How They are Made Properties, Testing and 
Reauirements of Hydraulic Cement Concrete and Its Properties Sand, Broken Stone and 
Gravel for Concrete How to Proportion the Materials How to Mix and Place Concrete 
Purms for Concrete Construction. The Architectural and Artistic PoasibllltleB of Concrete 
Concrete Residences Mortars, Plasters and Stucco and How to Use Them. The Arctic 
Treatment of Concrete Surfaces. Concrete Building Blocks The Making of Ornamental 
Ooni^te. Concrete Pipes, Fences, Posts, Etc. Essential Features and Advantages of Reen- 
forced Cottcmte. How to Design Reenforced Concrete Beams. Slabs and O^umnt. Ex- 
pla^tioi^ of the Meth^ and Principles in Designing Reenforced Concrete B^mi kttd 
Slabs. Systems of Beenforcement Employed. Reenforced Concrete in Factory and CNttteral 
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BuUdlng CkKQStrucUoii. Concrete in Foundation Work Concrete Betalning Wails. 
nients, and Bulkheads Concrete Arches and Arch Brid^$es. Concrete Beam and Oirci^ 
Bridges. Concrete In SeweriuKe and Drainage Works Concrete Tanks, Dams and 
vodrs. Concrete Sidewalks. Curbs and Pavements Concrete In Railroad Constructdons. 
The Utility of Concrete on the Farm The Waterproofing of Concrete Structure Grout 
or Liquid Concrete and Its Use Inspection of Concrete Work Of Jt of Concrete WcMfk- 
Some oi the special features of the book are 1 The Attention Paid to the Artistic and 
Architectural Side of Concrete Work 2. The Authoritative Treatment of the Problem 
of Waterproofing Concrete 3 An Excellent Summary of the Rules to be Followed in 
Ocmcrete Construction 4 The Valuable Cobt Data and Useful Tabl^ given A '•valuable 
Addition to the Library of Every Cement and Concrete User Price ... . $2*50 

WATERPROOFING CONCRETE. By Mybon H 

Modem Methods of Waterproofing Concrete and Other Structures A condensed statement 
of the Principles, Rules, and Precautions to be Observed in Waterproofing and Damp- 
proofing Structures and Structural Materials. Paper bir ding Illustrated. Price .. 50 cents 


DIGTIONAItlES 


STANDARD ELECTRICAL DICTIONARY. By T. O’Conob Sloane. 

An indispensable work to all mterested m electrical science Suitable alike for the student 
and professional A practical hand-book of reference containing definitions of about 5,000 
distinct words, terms and phrases The definitions are terse and concise and mclude every 
terra used m electrical science Recently issued An entirely new edition Should be in 
the possession of all who desire to keep abreast with the progress of this branch of science 
Complete, concise and convenient. 682 pages. 393 illustrations. Pnce .... $3.00 


DUS— METAL WORK 


DIES: THEIR CONSTRUCTION AND USE FOR THE MODERN WORKING OF 
SHEET METALS. By J. V. Woodworth 

A most useful book, and one which should be m the hands of all engaged in the press working 
of metals, treating on the Designing, Constructing, and Use of Tools, Fixtures and Devices, 
together with the manner m which they should be used m the Power Press, for the cheap and 
rapid production of the great variety of sheet metal articles now m use It is designed as a 
guide to the production of sheet metal parts at the minimum of cost with the maximum of 
output. The hardening and tempering of Press tools and the classes of work which may be 
produced to the best advantage by the use of dies in the power press are fully treated Its 
505 illustrations show dies, press fixtures and shetd metal working devices, the descriptions 
of which are so clear and practical that ah metal-working mechanics will be able to understand 
how to design, construct and use them Many of the dies and press fixtures treated were 
either constructed by the author or under his supers ision Others were built by skilful 
mechanics and are in use m large sheet metal establishments and machine shops. Price $3.00 

PUNCHES, DIES AND TOOLS FOR MANUFACTURING IN PRESSES. By J. V. 

WOODWOBTH. 

This work is a companion volume to the author’s elementary work entitled “Dies, Their 
Construction and Use ’’ It does not go into the details of die making to the extent of the 
author’s previous book, but gives a comprehensive review of the field of operations carried on 
by presses A large part of the Information given has been drawn from the author’s personal 
experience It might well he termed an Encyclopedia of Die Making, Punch Making, Die 
Sinking, Sheet Metal Working, and Making of Special Tools, Sub-presses, Devices and Mechani- 
cal Combinations for Punching, Cutting, Bending, Forming, Piercing, Drawing, CompresBlng 
and Assembling Sheet Metal Parts, and also Articles of other Materials in Machine TeoB. 
2d Edition. Price $4.00 

DROP FORGING, DIE SINKING AND MACHINE FORMING OF STEEL. By J. V. 

Woodworth. 

This l« a practical treatise on Modem Shop Practice, Processes. 
and Details, treating on the Hot and Cold Machin^Formlng of c 
•iMpas; Together with Tools, DIca. and Machinery involved m tfa 
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Forgings and Interchangeable Hot and Cold Pressed Parts from Bar and Sheet Metaj 
This book Alls a demand of long standing for information regarding drop forcing dle>sinkinK 
and machine forming of steel and the shop practice involved, as it actually exists in th( 
modem drop forging shop The processes of diensinking and force-making, which are thor- 
oughly descnbed and illustrated m this admirable work, are rarely U ^ round explained in 
su^ a clear and concise manner as is here set forth The process of die-sinking relates to 
the enCTaving or sinking of the female or lower dies, such as are used for drop forgings, hot 
and cold machine forging, swedging and the press working of metals The process of force- 
making relates to the engraving or raising of the male or upper dies used in producing the 
lower dies for the press-forming and machine-forging of duplicate parts of metal 
In addition to the arts above mentioned the book contains explicit information regarding 
the drop forging and hardening plants, designs, conditions, equipment, drop hammers 
forging machines, etc , machine forging, hydraulic forging, autogenous welding and shop 

g ractice The book contains eleven chapters, and the information contained in these chapters 
1 just what will prove most valuable to the forged metal worker AU operations described 
in the work are thoroughly illustrated by means of perspective half-tones and outline sketches 
of the machinery employed 300 detailed illustrations Price 
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LINEAR PERSPECTIVE SELF-TAUGHT. By Herman T. C. Kraus. 

This work gives the theory and practice of linear perspective, as used in architectural, engiv 
neenng, and mechanical drawings Persons taking up the study of the subject by themselves 
will be able by the use of the instruction given to readily grasp the subject, and by reason- 
able practice become good perspective draftsmen. The arrangement of the book is good, 
the plate is on the left-hand, while the descriptive text follows on the opposite page, so as to 
be readily referred to The drawings are on sufficiently large scale to show the work clearly 
and are plainly figured The whole work makes a very complete course on perspective draw- 
mg, and will be found of great value to architects, civil and mechanical engineers, patent 
attorneys, art designers, engravers, and draftsmen . $8.60 

PRACTICAl PERSPECTIVE. By Richards and Colvin 

Shows ^ust how to make all kinds of mechanical drawings in the only practical persroective 
isometric Makes everything plain so that any mechanic can understand a sketch or drawing 
m this w'ay Saves time in the drawing room, and mistakes in the shops Contains practical 
examples of vanous classes of work 3rd Edition . . .... 60 cents 

SELF-TAUGHT MECHANICAL DRAWING AND ELEMENTARY MACHINE 
DESIGN. By F- L Sylvester, M.E., Draftsman, with additions by Erik Obero, 
associate editor of “Machinery/' 

This is a practical treatise on Mechanical Drawing and Machine Design, comprising the 
first principles of geometric and mechanical drawing, workshop mathematics, mechanics, 
Rhrength of matenals and the calculations and design of machine details The author's 
aim has been to adapt this treatise to the requirements of the practical mechanic and young 
draftsman and to present the matter in as clear and concise a manner as possible. To 
meet the demands of this class of students practically all the Important elements of machine 
design have been dealt with, and in addition algebraic formulas have been explained, and 
the elements of trigonometry treated in the manner best suited to the needs of the prac- 
tical man The book is divided into 20 chapters, and In arranging the material, mechan- 
ical drawing, pure and simple, has been taken up first, as a thorough understanding of the 
principles of representing objects facilitates the rorther study of meManical subjects This 
18 followed by the mathematics necessary for the solution of the problems in machine de- 
sign which are presented later, and a practical Introduction to theoretical mechanics and 
the strength of materials. The variotis elements entering into machine design . such as cams, 
gears, sprocket wheels, cone pulleys, bolts, screws, couplings, clutches, shafting and fly- 
wheels have been treated in such a way as to make possiole the use of the work as a text- 
bof>k for a continuous course of study. It Is easily comprehended and assimilated even bv 
students of limited previous tralzdng. 330 pages. 215 engravings. Price. . . . $8.00 

A NfEW SKETCHING PAPER. 

A new specially ruled paper to enable you to make sketches or drawings in isometric perspective 
without any figuring or fussing It is being used for shop details as well as for assembly 
drawings, as it makes one sketch do the work of three, and no workman can help seeing lust 
what is wanted. Pads of 40 sheets, fi x 9 inches, 86 oents. Pads of 40 sheets. 9 x 12 inches 
50 cents; 4^ sheets, 12 X 18. Pr^ . . . • $1*00 
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ARITHMETIC OF ELECTRICITY. By Prof. T. O’Conok Sloanb. 

A practical treatise on electrical calculations of all kinds reduced to series of rules, all of the 
smiplest forms, and involving only ordinary arithmetic, e ch rule illustrated by one or more 
practical problems, with detailed solution of each one This book is classed among the most 
useful works published on the science of electricity covemg as it does the mathematics of 
electricity m a manner that will attract the attention of those who are not familiar with alge- 
braical formulas 20th Edition. 160 pages Price $ 1.00 

COMMUTATOR CONSTRUCTION. By Wm. Baxt..r, Jr, 

The business end of any dynamo or motor of the direct current type is the commutator. This 
book goes into the designing, buildmg, and maintenance of commutators, shows how to locate 
troubles and how to remedy them, everyone who fusses with dynamos needs this S6 eentf 

DYNAMO BUILDING FOR AMATEURS, OR ROW TO CONSTRUCT A FIFTY-WATT 
DYNAMO. By Arthur J Weed, Member of N Y. Electrical Society. 

A practical treatise showing in detail the consti action of a small dynamo or motor, the entire 
machine work of which can bo done on a small foot lathe Dimensioned working drawings 
are given for each piece of machme work and each operation is clearly described This 
machine, when used as a d>mamo, has an output of fifty watts , when used as a motor it will 
drive a small drill press or lathe It can be used to drive a sewmg machine on any and all 
ordinary work The book is illustrated with more than sixty onginal engravings showing 
the actual construction of the different parts Among the contents are chapters on 1 Fifty 
Watt Dynamo 2 Side Beari^ Rods 3 Field Punchmgs 4 Bearings 5 Commu- 
tator 6 Pulley 7 Brush Holders 8 Connection Board 9 Armature Shaft 10. 
Armature 11 Armature Wlndmg 12 Field Wmdmg 13 Connecting and Starting. 
Price, paper, 50 cents Cloth $ 1.00 

ELECTRIC FURNACES AND THEIR INDUSTRIAL APPLICATIONS. By J. Wright 

This is a book which will prove of interest to many classes of peuple, the manufacturer who 
desires to know what product can be manufactured successfully m the electric furnace, the 
chemist who wishes to post himself on the electro-chemistry, and the student of science who 
merely looks into the subject from curiosity The book is not so scientific as to be of use 
only to the technologist, nor so unscientilif as to suit only the tyro m electro-chemistry; it 
is a practical treatise of what has been done, and of what is being done, both experimentally 
and commercially with the electric furnace 

In important processes not only are the chemical equations given, but complete thermal data 
are set forth and both the efficiency of the furnace and the cost of the product are worked 
out, thus giving the work a solid commercial value aside from its efficacy as a work of reference. 
The practical features of furnace buildmg are given the space that the subject deserves The 
forms and refractory materials used in the linmgSj the arrangement of the connections to the 
electrodes, and other important details are explamed 288 pages New Re\ised Edition 
Fully illustrated Price . .... $ 8.00 

ELECTRIC LIGHTING AND HEATING POCKET BOOK. By Sydney F. Walker. 

I'his book puts m convenient form useful information regardmg the apparatus which is likely 
to be attached to the mams of an electrical company, lables of units and equivalents are 
Included and useful electrical laws and formulas are stated 

One section is devoted to dynamos, motors, transforniers and accessory apparatus, another 
to accumulators, another to switchboards and related equipment, a fourth to a description 
of various systems of distribution, a fifth section to a discussion of mstruments, both for 
portable use and switchboards, another section deals with electric lamps of vanous types 
and accessory appliances, and the concluding section is given up to electric heating apparatus 
In each section a large number of commercial types are described, frequent tables of dimen- 
sions being included A great deal of detail information of each line of apparatus is given 
and the illustrations shown give a good idea of the general appearance of the apparatus under 
discussion. The book also contains much valuable information for the central station engi- 
neer. 438 pages. 300 engravmgs. Bound m leather pocket book form. Pnce . 9B*00 

ELECTRIC WIRING, DIAGRAMS AND SWITCHBOARDS. By Nbwton Harhison. 

A thoroughly practical treatise covering the subject of Electric Wiring in all its branf^hea. 
Including explanations and diagrams which are thoroughly explicit and greatly simpUiy 
the subject Practical every-day problems in wiring are presented and the method of 
obtaining intelligent results clearly shown. Only arithmetic is used. Ohm's law it 
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» aiiiliile explanation with reference to wiring for direct and alternating currents. The funda- 
mental principle of drop of potential in circuits is shown with its various applications. The 
simple circuit Is developed with the position of mains, feeders and tranches, their treat- 
ment as a part of a wiring plan and their employment in house-wiring clearly illustrated 
Some simple facts about testing are included in connection with the wiring. MolcU^ 
and conduit work are given careful consideration; and switchboards are systematically 
treated, built up and illustrated, showing the purpose they serve, for connection with the 
circuits, and to shunt and compound wound machines. The simple prindpies of swit^boaid 
construction, the development of the switchboard, the connections of the various instru- 
ments including the lightning arrester, are also plainly set forih. 

Alternating current wiring is treated, with explanations of the power factor, conditions 
calling for various sises of wire and a simple way of obtaining the sixes for single-phase, two- 
phase and three-phase circuits. This is the only complete work Issued showing and telling 
you what you should know about direct and alternating current wiring. It is a ready refer- 
ence. The work is free ffom advanced technicalities and tnathematics, arithmetic being used 
throughout It is in every respect a handy, wdl* written, instructive, comprehensive 
volume on wiring for the wireman, foreman, contractor, or electrician. 272 pages. 105t illus- 
trations. Price 

ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTRIC MOTOR CON- 
STRUCTION. By Prof, T. O'Conor Sloane. 

This work treats of the making at home of electrical toys, electrical apparatus, motors, dynamos 
and instruments in general, and is designed to bring within the reach of young and old the 
manufacture of genuine and useful electrical appliances The work Is especially designed for 
amateurs and young folks 

Thousands of our young people are daily experimenting, and busily engaged in making electrical 
toys and apparatus of various kinds. The present work is just what is wanted to give the 
much needed information m a plain, practical manner, with iHustrations to make easy the 
carrymg out of the work 19th Edition. Pnce $1.00 

ELECTRICIAN^S HANDY BOOK. By Prof. T. O'Conor Sloane. 

This work of 768 pages is intended for the practical electrician who has to make things go. 
The entire field of electncity is covered withm its pages Among some of the subjects treated 
are- The Theory of the Electric Current and Circuit, Electro-Chemistry. Primary Batteries, 
Storage Battenes, Generation and Utilization of Electric Powers, Alternating Current, Arma- 
ture Wmding, Dynamos and Motors, Motor Generators, Operation of the Central Station 
Switchboards, Safety Appliances, Distribution of Electric Light and Power, Street Mains, 
Transformers. Arc and Incandescent Lighting, Electric Measurements, Photometry, Electrto 
Hallways, Telephony, Bell-Wiring, Electro-Platmg, Electnc Heating, Wireless Telegraphy, etc. 
It contains no useless theory ; everything is to the point It teaches you just what you want 
to know about electncity It is the standard work published on tne subject. Forty -one 
ehapters, 610 engravings, handsomely bound m red leather with title and edges In gold. Price 

•8.50 

ELECTRICITY IN FACTORIES AND WORKSHOPS, ITS COST AND CONVENIENCE. 

By Arthur P. Haslam. 

A practical book for power producers and power users showing what a convenience the electric 
motor, m its vanous forms, has become to the modem manufacturer It also deals with the 
conditions which determine the cost of electric driving, and compares this with other methods 
of producing and utilizing power. 

Among the ehapters contained in the book are: The Direct Current Motor; The Altematlnift 
Current Motor, The Starting and Speed Regulation of Electric Motors; The Rating and 
Efficiency of Electnc Motors, The Cost of Energy as Affected by Conditions of Working, The 
Question for the Small Power User, Independent Generating Plants; Oil and G*« Engine 
Plants; Steam Plants. Power Station Tariffs , The Use of Electric Power in Textile Factories , 
Electric Power m Pnntlng Works: The Use of Electric Power in Engineering Workshops 
Miscellaneous Application of Electric Power; The Installation of Electric Motors; The Lighting 
of Industrial Establishments 312 pages. Very fully illustrated, Price .... ••.60 

ELECTRICITY SIMPLIFIED. By Prof. T. O'Conor Sloane. 

The object of ** Electricity Simplified ’* is to make the subject as plain as possible and to show 
what the modem conception of electricity is; to show now two plates of different metals 
Immersed in arid can send a message around the globe ; to explain how a bundle of copper wire 
rotated by a steam engine can be the agent in lighting our ^eets. to tell what the volt, 
and ampere are, and what high and low tension mean; and to answer the questloi» that 
perpetually arise In the mind In this age of electricity. 172 pages. Illustrate. Piioe • I.OO 
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HOXTSB WIRING. By Thomas W. Poppb, 

This workdeecaibes and Ulu»trates the actual installation of Hlectaic Light Wiring, the 
in which the work should be done, and the method of doiiig it. The book can be conveniflritly' 
carried in the pocket It is intended for the Electrician, Helper and Apprmrice It 
solves all Wiring Problems, and contains nothing that conflicts w»th t’ e rulings of the Nation- 
al Board of Pire Underwriters It gives just the infoimation essential to the Suocesaftti 
Wiring of a Building Among the subjects treated are Locatmg the Meter Panel Boards. 
Switches Ping Receptacles Brackets Ceiling Fixtures The Meter Connections. Tw 
Feed Wires The Steel Armored Cable System The Flexible Steel Conduit System The 
Kidig Condiiit System A digest of the National Board of Fire Underwriters’ rul€» relating 
to metallic wiring systems Various switching arrangemenls explained and diagrammeo. 
The easiest method of testing the Three and Four- way circuits explained The grounding 
of all metallic wiring systems and the reason for doing so shown and explained The In- 
sulation of the metal parts of lamp fljrtures and the reason for the same described and 
illustrated. 126 pages Fully illustrated. Flexible cloth. Price 60 cenlv 

HOW TO BECOME A SUCCESSFUL ELECTRICIAN. By Prof T O 'Conob Sloan* 

Every young man who wishes to become a successful electrician should read this book It tells 
in simple language the surest and easiest way to become a successful electrician. The studies 
to be followed, methods of work, field of oper.ition and the requirements of the successful 
electrician are pointed out and fully explained Every young engineer will find this an ex- 
cellent stepping-stone to more advanced works on electricity which he must master before 
success can be attained Maiiv young men become discouraged at the very outstart by 
attempting to read and study books that are far beyond their comprehension This bow 
serves as the connecting link between the rudiments taught m the public schools and the real 
study of electricity It is interesting from cover to cover Fifteenth edition. 202 pages. 
Illustrated Price . . 9 1*00 

MANAGEMENT OF DYNAMOS. By Lummis-Paterson. 

A handbook of theory and practice. This work is arranged m three parts. The first part 
covers the elementary theory of the dynamo The second part, the construction and action 
of the different classes of dynamos in common use are described , while the third part relates 
to such matters as affect the practical management and working of dynamos and motors. 
The following chapters are contained in the book Electrical Units, Magnetic Principles: 
Theory of the Dynamo, Armature, Armature in Practice, P’leld Magnets, Field Magnets in 
Practice, Regulating Dynamos, Coupling Dynamos, Installation, Running, and Maintenance 
of Dynamos, Faults in Dynrmos, Faults m Armatures, Motors. 292 pages 117 illustra- 
tions Price . . . . $1.50 


STANDARD ELECTRICAL DICTIONARY. By T O'Conor Sloane. 

An mdispensable work to all mterested in electrical science Suitable alike for the student 
and professional A practical hand-book of reference containing definitions of about 6,000 
distinct words, terms and phrases The definitions are terse and concise and include every 
terra used in electrical science Recently issued An entirely new edition Should be in the 
poapession of all who desire to keep abreast with the progesss of this branch of science In 
its arrangement and typography the book is very convenient The word or term defined it 
printed in black-faced type which readily catches the eye, while the body of the page is In 
smaller but distmct type The definitions are well worded, and so as to be understood by 
the non-technical reader The general plan seems to bo to give an exact, concise definition, 
and then amplify and explain In a more popular way. Synonyms are also given, and refter- 
ences to other words and phrases are made A very complete and accurate index •of fifty 
pages Is at the end of the volume, and as this mdex contains all synonyms, and as aU phrasal 
are Indexed in ©very reasonable combination of words, reference to the proper place in tba 
b^y of the book is readily made It is difficult to decide how far a book of tms character 
is to keep the dictionary form, and to what extent it may assume the encyclopedia form. 
For some purposes, concise, exactly worded definitions are needed , for other purposes, more 
extended descriptions are required This book seeks to satisfy both demands, and does it 
with considerable success Complete, concise, and convenient 682 pages. 393 iUustrit^ 
tions. Twelfth edition. Price $3.00 


SWITCHBOARDS. By William Baxter, Jr 


This book appeals to every engineer and electrician who wants to know the practical side of 
things It takes up all sorts and conditions of dynamos, connections and circuits and show* 
by diagram and illustration just how the switchboard should be connected Includes direct 
and alternating current boards, also those for arc lighting, incandescent j^and power circuiia. 
Special treatment on high voltage boards for power transmission 2d Edition 190 jQ 4I|^ 
luustrated. ih’ice $1,30 
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TELEPHOHE COHSTRUCTIOM, INSTALLATION, WIRING, OPERATION AND 

MAINTENANCE, By W. H Radcliffe and H. C CuSHlNG. 

TJiis book giv^ tbe principles of construction gnd operation of both the Bell and Independent 
instruments , approved methods of Installing and wiring them , the means of protecting them 
from lightning and abnormal currents, thmr connection together for operation as series or 
bridging stations, and rules for their inspection and maintenance Line wiring and the wir- 
ing and operation of special telephone systems are also treated 

Intricate mathematics are avoided, and all apparatus, circuits and systems are thoroughly 
described The appendix contains deflnitions of umts and terms used In the text Select^ 
wiring tables, whicn are very helpful, are also Included Among the subjects treated are 
Construction, Operation, and installation of Telephone Instruments, Inspection and Main- 
tenance of Telephone Instruments, Telephone Line ’Wiring, Testing Telephone Line ’Wires 
and Cables, ’Wiring and Operation of Special Telephone Systems etc 100 pages. 125 Illus- 
trations . . «1.00 

WIRELESS TELEGRAPHY AND TELEPHONY SIMPLY EXPLAINED. 

By Alfred P. Morgan. 

This is undoubtedly one of the most complete and comprehensible treatises on the subject 
ever published, and a close study of its pages will enable one to master all the details of the 
wireless transmission of messages The author has filled a long felt want and has succeeded 
in furnishing a lucid, comprehensible explanation in simple language of the theory and 
practice of wireless telegraphy and telephony 

Among the contents are Introductory Wireless Transmission and Reception — The 
Aerial System. Earth Connections — The Transmitting Apparatus, Spark Coils and Trans- 
formers Condensers. Helixes, Spark Gaps, Anchor Gaps, Aerial Switches — The Receiving 
Apparatus. Detectors, etc — Tuning and Coupling, Tuning Colls. Loose Couplers, Variable 
Condensers. Directive Wave Systems — Miscellaneous Apparatus Telephone Receivers. 
Range of Stations Static Interference — W ireless Telephones, Sound and Sound Waves. The 
Vocal Cords and Ear — Wireless Telephones, How Sounds are changed into Electric Waves — 
Wireless Telephones, The Apparatus — Summary 200 pages 160 engravings Price $1.00 

WIRELESS TELEPHONES AND HOWTHEY WORK. By James Erskin e-Murray. 

This work is free from elaborate details and aims at giving a clear survey of the way in which 
Wireless Telephones work It is intended for amateur workers and for those whose knowledge 
of electricity is slight Chapters contained How We Hear, Historical, The Conversion of 
Sound into Electric Waves, Wireless Transmission, The Production of Alternating Currents 
of High Frequency, How the Electric Waves are Radiated and Received, The Receiving 
Instruments, Detectors, Achievements and Expectations, Glossary of Technical Wordf, 
Cloth Price $1.00 

WIRING A HOUSE. By Herbert Pratt. 

Shows a house already built, tells just how to start about wiring it, where to begin; what 
wire to use, how to run it according to Insurance Rules, in fact just the information you need 
Directions apply equally to a shop Fourth edition 26 cents 


FACTORY MANAGEMENT, ETC. 


MODERN MACHINE SHOP CONSTRUCTION, EQUIPMENT AND MANAGEMENT. 
By O. E. Perrigo, M.E. 

The only work published that describes the modem machine shop or manufacturing plant from 
the time the grass is growing on the site Intended for it until the finished product Is shipp^ 
By a careful study of its thirty-two chapters the practical man may economically build, 
efficiently equip, and successfully manage the modem machine shop or manufacturing estab- 
ishment Just the book needed by those contemplating the erection of modem shop buildings, 
the re-building and re-organ izat ion of old ones, or the introduction of modem shop meth^s. 
time and cost system It is a book written and illustrated by a practical shop man for practical 
•hop men who are too busy to read theon^a and want facta It is the most complete all around 
book of its kind ever publfeh^d It is a practical book for practical men, from the apprentice 
in the shop to the president iu the office It minutely describes and Illustrates the most simple 
and yet the most efficient time and cost system yet devised. Price ...... $$»00 
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COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By Wm. M. Babb. 

This book hag been pre^^red with special reference to the generation of heat by the combus- 
tion of the common fuds found in the United States, ana uea’a particularly with the condi- 
tions necessary to the economic and smokel^ combustion of bituminous coals in Stationary 
and Locomotive Steam Boilers 

The presentation of this important subject is systematic and progressive The arrangement 
of the book is in a series of practical questions to which are appended accurate answerf. 
which describe in language, free from technicalities the reveraf processes involved in the 
furnace combustion of American fuels, it clearly states tue essential requisites for pwfeict 
combustion, and points out thebest methods for furnace construction for obtaimng the great- 
ttt quantity of heat from any given quality of coal Nearly 350 pag^, fully illustrated. 
Price .... . 91.00 

SMOKE PREVENTION AND FUEL ECONOMY. By Booth and Kershaw. 

A complete treatise for all interested in smoke prevention and combustion, being based oi\ 
the German work of Ernst Schmatolla, but it is more than a mere translation of the German 
treatise, much being added The authors shov as bnehy as possible the principles of fuel 
combustion, the methods which have been and are at present in use, as well as the proper 
scientihc methods for obtaining all the energy in the coal and burning it without smoke 
Considerable space is also given to the examination of the waste gases, and several of the 
representative English and American mechanical stoker and similar appliances are described 
The losses earned away in the waste gases are thoroughly analyzed and discussed m the Ap- 

g endix, and abstiacts are also here given of various patents on combustion apparatus Tne 
ook is complete and contains much of value to all who have chaige of large plants 
pages Illustrated Price ... . . 92.60 


GAS ENGINES AND GAS 


GASOLINHE ENGINES ^ THEIR OPERATION, USE AND CARE. By A Hyatt 
Verrill. 

The Simplest. Latest and Most Comprehensive popular work puolished on Gasoline Engines 
describing what the Gasoline engine is, its construction and operation , how to install it, 
how to select it. how to use it and how to remedy troubles encountered Intended for owners. 
Operators and Users of Gasoline Motors of all kinds This work fully describes and illus- 
trates the various tyries of Gasoline engines used m Motor Boats, Motor V^ehicles and 
Stationary Work The jiarts, accessories and Appliances are described with chapters on 
ignition fuel lubrication, operation and engine troubles Special attention is given to the 
care, operation and repair of motors with useful hints and suggestions on emergency re- 
pairs and make-shifts A complete glossary of technical terms and an alphabetically ar- 
ranged table of troubles and their symptoms form most valuable and unique features of thla 
manual Nearly every illustration in the book is original, having been made by the author 
Every page is full of interest and value A book which you cannot afford to be without 320 
pages Nearly 150 specially made engravings Price . . 91.50 


GAS, GASOLINE, AND OIL ENGINES. By Gardner D Hiscox 

Just issued, 20th revised and enlarged edition Every user of a gas engine needs this bwk 
Simple, instructive, and right up-to-date The only complete work on the subject Tells 
all about the running and management of gas, gasoline and oil engines, as designed and manu- 
factured in the United States Explosive motors for stationary, marine and vehicle power are 
fully treated, together with illustrations of their parts and tabulated sizes, also their care and 
running are included Electric ignition bv induction coil and jump spark are fully explained 
and illustrated, including valuable information on the testing for economy and power and the 
erection of power plants 

The rules and regulations of the Board of Fire Underwriters m regard to the installation 
management of gasoline motors is given in full, suggesting the safe installation of explosiTB 
motor power A list of United States Patents issued on gas, gasoline, and oil engines and their 
adjuncts from 1875 to date IS mcliided 484 pages 410engravmgs Price 


92.60 


MODERN GAS ENGINES AND PRODUCER GAS PLANTS. By R E Mathot, M.E. 

A guide for the gas engine designer, user, and engineer in the construction, selection, purchase 
installation, operation, and maintenance of gas engines More than one book on eMuj^ 
hM been written, but not one has thus far even encroached on the field covered by this boplL 
Above aU Mr Mathot’s work is a practical guide Recognizing the need of a volume that 
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would assist the gas engine user in understanding thoroughly the motor upon which he defpends 
for power, the author has discussed his su^ect without the help of any mathematics and 
without elaborate theoretical explanations E^ery part of the gas engine is described in detail, 
tersely, clearly, with a thorough understanding of the requirements of the mechanic. Helpful 
suggestions as to the purchase of an en^rluc, its installation, care, and operation form a most 
taiuable feature of the work 320 pai:c}S 175 detailed illustrations Price . . $d.50 

^AS ENGINE CONSTRUCTION, OR HOW TO BUILD A HALF-HORSE-POWER 
GAS ENGINE. By Parsell and Weed. 

A practical treatise of 300 pages describing the theory and principles of the action of Gas 
Engines of various type>s and the design and constructionof a half-horsepower Gas Engine, with 
illustrations of the work in actual progress, together with the dimensioned working drawings 
giving clearly the sizes of the various details, for the student, the scientific investigator and the 
amateur mechanic 

Tnis book treats of the subject more from the standpoint of practice than that of theory The 
principles of operation of Gas Engines are clearly and simply described and then the actual 
construction of a half-horse powder engine is taken up, step by step, showing in detail the making 
of the Gas Engine 3d Edition 300 pages Price . . . 82.50 

THE GASOLINE ENGINE ON THE FARM: ITS OPERATION, REPAIR 
AND USES. By Xeno W. Putnam. 

This is a practical treatise on the Gasoline and Kerosene engine intended for the man who 
wants to know just how to manage his engme and how to apply it to all kinds of farm work 
to the best advantage 

The book includes selecting the most suitable engine for farm work. Its most convenient and 
efficient installation, with chapters on troubles, their remedies and how to avoid them 
The care and management of the farm tractor in plowing, harrowing, harvesting and road 
grading are fully covered . also plain directions are given for handling the tractor on the road 
Special attention is given to relieving farm life of its drudgery by applying power to the 
disagreeable small tasks which must otherwise be done b> hand Many homemade con- 
trivances for cutting wood, supplying kitchen garden and barn with water loading, hauling 
and unloading hay. delivering gram to the bins or the feed trough are included, also full 
directions for making the engine milk the cows, chum wash sweep the house and clean the 
windows etc Very fully illustrated with drawings of working parts and cuts showing 
Stationary Portable and Tractor Engines doing all kinds of farm work 300 pages Nearly 
150 engravings 12mo Price . . . . . 81«6D 

CHEMISTRY OF GAS MANUFACTURE. By H M Royles 

This book covers points likely to arisfe in the ordinary course of the duties of the engineer or 
manager of a gas works not large enough to necessitate the employment of a separate chemical 
staff It treats of the testmg of the raw materials employed in the manufacture of Illuminat- 
ing coal gas, and of the gas produced The preparation of standard solutions is given as well 
as the chemical and physical examination of ga,» coal including among its contents — Prepa* 
rations of Standard Solutions, Coal, Furnaces, Testmg and Rtegulation. Products of Car- 
bonization Analysis of Crude Coal Gas Analysis of Lime Ammonia, Analysis of Oxide 
of Iron Naphthalene Analysis of Fire-Bricks and Fire-Clay. Weldom and Spent Oxide 
Photometry and Gas Testmg Carburetted Water Gas Metropolis Gas Miscellaneou*’ 
Extracts Useful Tables .... ... . 84.50 

GEARING AND GAMS 


BEVEL GEAR TABLES. By D. Ao. ENOsmsoM. 

A book that will at once commend itself to mechanics and draftsnr<en Does away with all 
the trigonometry and fancy figuring on bevel gears and mak^ it easy for anyone to lay them 
out or make them just right. There are 36 full-page tables that show every nece^^ry dimen- 
sion for all sizes or combinationi you’re apt to need No puzzling figuring or guessing 
Gives placing distance, all the angles (including cutting angles), and the correct cutter to use 
A copy of this prepares you foi anything in the bevel gear line. 66 pages. . 81.00 

CHANGE GEAR DEVICES. By Oscab E. Pkbrigo. 

A practical book for every designer, draftsman, and mechanic interested in the Invention and 
development of the devices for feed changes on the different machines requiring such mechan- 
ism All the necessary information on this subject is taken up, analyzed, classified, sifted, 
and concentrated for the use of busy men who have not the time to go through the ma*K;s 
of irrelevant matter with which sucn a subject is usually encumbered and select such infor- 
mation as will be useful to them 

It shows just what has been done, how it has been done, when it was done, and who did it 
It saves time in hunting up patent records and re-inventing old ideas. 88 pages. 81*00 
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DRAFTING OF CAMS. By I4OUIS Rouilwok. 

TJse laying out of cams is a serious problem unless you know how to go at it right. Thte puta 
you on the right road for practically any kind of cam you are likely .0 run up against. 25 c«»ts 

HYDRAULICS 

HYDRAULIC ENGINEERING. By Gakdneb D. Hihcox. 

A treatise on the properties, power, and resources of water for all purposes. Including the 
measurement of streams, the flow of water in pipes or conduits, the horse-power of falling 
water, turbine and Impact water-wheels, wave motors, centrifugal, reciprocating, and alr- 
Uft pumps With 300 figures and diagrams and 36 practical tabl^ 

All who are interested in water-works development will find this book a useful one, because 
it is an entirely practical treatise upon a subject of pr^^'sent importance, and cannot fall in 
having a far-reaching influence, and for this reason should have a place in the working library 
of every engineer Among the subjects treated are Historical — Hydraulics, Properties of 
Water, Measurement of the flow of Streams, Plow from Bubsu»^ace orifices andi nozzles. 
Flow of water in Pipes, Siphons of various kinds. Dams and Great Storage ResOTvoirs, 
City and Town Water Supply. Wells and their reenforcement , Air lift methods of raising 
water, artesian wells, Iirigation of Arid district*. Water Power, Water Wheels, Pumps and 
Pumping Machinery, Reciprocating Pumps, Hydraulic Power Transmission; Hydraulic 
Mining, Canals, Ditches, Conduits and Pipe Lines, Marine Hydraulics, Tidal and 
Wave power, etc. 320 pages. Price $ 4.00 


ICE AND REFRIGERATION 


POCKET BOOK OF REFRIGERATION AND ICE MAKING. By A. J. Waijlis- 
Tatlor. 

This is one of the latest and most comprehensive reference books published on the subject of 
refrigeration and cold storage It explains the properties and refrigerating effect of the different 
fluids in use, the management of refrigerating machinery and the construction and insulation 
of cold rooms with their required pipe surface for different degrees of cold , freezing mixtures 
and non-freezing brines, temperatures of cold rooms for all kinds of provisions, cold storage 
charges for all classes of goods, ice making and stoiage of ice, data and memoranda for constant 
reference by refrigerating engineers, with nearly one hundred tables containmg valuable 
references to every fact and condition required in the installment and operation of a refrigerat- 
ing plant Illustrated. (5th Edition, revised ) Price $1.60 


INVENTIONS— PATENTS 

INVENTOR’S MANUAL, HOW TO MAKE A PATENT PAY. 

This is a book designed as a guide to inventors in perfecting their Inventions, taking out th^ 
patents and disposing of them It is not in any sense a Patent Soheitor’s Circular, nor a 
Patent Broker’s Advertisement No advertisements of any description appear in the work. 
It is a book containing a quarter of a century’s experience of a successful inventor together 
with notes based upon the experience of many other mventors 

Among the subjects treated m this work are How to Invent. How to Secure a Good 
Patent Value of Good Invention How to exhibit an Invention How to Interest 
Capital How to Estimate the Value of a Patent Value of Design Patents Value of 
Foreign Patents Value of Small Inventions Advice on Selling Patents Advice on the 
Formation of Stock Companies Advice on the Formation of Limited Liability Companies. 
Advice on Disposing of Old Patents Advice as to Patent Attorneys. Advice as to Selling 
Agents. Forms of Assignments License and Contracts State Laws Concerning Pa^t 
Rfehts 1900 Census of the United States by counties of over 10,000 population. R^^ 
edition. 120 pages. Price . »a»wO 


KNOTS 


KNOTS, SPLICES AND ROPE WORK. By A. Htatt Verrill. 

TW* ta a practical book giving complete and rfmnle directions for m^ng aU ^ nuM ^ 
fhl and ornamental knots in common use. with chapters on Splioing, Poinidng. Seizing. 
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Serving, etc. This book la fully Illustrated vdth one hundred and fifty original ttogimvinga 
which show how each knot, tie or splice is formed and its appearance when ^lished. Tbt 
book will be found of the greatest value to Campers, Yachtsmen, Travelers, Boy 6Hx>uts 
In fact to anyone having occasion to use or handle rope or knots for any purpose. The book 


pie knots and Bends Terms used in Handling Rope Seising Rope 3 Ties 4^ Hitches, 
4. Noose, Loops and Mooring Knots 5 Shortenings, Grommets and Selvages. Lash- 
ings. Seizings and Splices. 7 Fancy Knots and Rope Work. 128 pages. l&O original 
engravings. Price .... 60 cenlt 


LATHE WORE 


MODERH AMERICAN LATHE PRACTICE. By Oscar E. Pereiqo. 

This is a new book from cover to cover, and the only complete American work on the subject 
written by a man who knows not only how work ought to be done, but who also knows 
how to do It, and bow to convey this knowledge to others It is strictly up-to-date In Its 
descriptions and illustrations, which represent the very latest practice in lathe and boring 
mill operations as well as the construction of and latest developments In the manufacture 
of these important classes of machine tools 

Lathe history and the relations of the Lathe to manufacturing are riven , also a dei»crlption 
of the various devices for Feeds and Thread Cutting mechanisms from early eflorte In this 
direction to the mesent time Lathe design Is thoroughly discussed. Including Back Gearing, 
Driving Cones. Thread Cutting Gears, and all the essential elements of the modom Lathe 
The classification of Lathes is taken up. giving the essential differences of the several types 
of Lathes, including, as is usually understood. Engine Lathes. Bench Lathes, Speed Lathes, 
Forge Lathes, (iap Lathes. Pulley lathes. Forming Lathes. Multiple Spindle Lathes, Rapid 
Reduction Lathes. Precision Lathes. Turret Latnas. Special Lathas. Electrically Dnven 
Lathes, etc 424 pages 314 illustrations. Price . . .... 88.50 

PRACTICAL METAL TURNING. By Joseph G Horner 

This important and practical subject is treated in % full and exhaustive manner and nothing 
of importance is omitted The prmciples and practice and all the different branches of Turn- 
ing are considered and well illustrated All the different kinds of Chucks of usual forms, as 
well as some unusual kinds, are shown A feature of the book is the important section de- 
voted to modem Turret practice, Bormg is another subject which is treated fully, and the 
chapter on Tool Holders illustrates a large number of representative types Thread Cutting 
is treated at reasonable length, and the last chapter contains a goor Jeal of mformatioii 
relating to the High-Speed Steels and their work The numerous tools used by machmlEtf 
are illustrated, and also the adjuncts of the lathe In fact, the entire subject is treated in 
such a thorough manner as to make this book the standard one on the subject It is indls- 
pensabie to the manager, engineer, and machinist as well as to the student, amateur, and 
experimental, man who desires to keep up-to-date. 400 pages, fully iliustiated. Prk* 83.60 

TURNING AND BORING TAPERS. By Frep H Colvin 

There are two ways to turn tapers, the right way and one other This treatise has to do with 
the right way, it tells you how to start the work properly, how to set the lathe, what tools to 
use and how to use them, and forty and one other little things that y )u should know Fourth 
edition 86 cents 


LIQPTO AIR 


LIQUID AIR AND THE LIQUEFACTION OF GASES. By T. O’Conor Sloan*. 
This book gives the history of the theory, discovery, and manufacture of Liquid Air, and 
contains an illustrated descnptlon of all the expenments that have excited the wonder of 
audiences all over the country. It shows how liquid air, like water, is carried hundreds of 
miles and is handled in open buckets. It tells what may be expected from it in the near 
future 

A book that renders simple one of the most perplexing chemical problems of the century 
Startling developments illustrated by actual expenments 

It is not only a work of scientific interest and authority, but Is Intended for the general reader, 
being written In a iiopular style — easily understood by every one. Second editkm. 365 
pages* Price 88.00 
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LOCOMOTIVE ENGINEERINq 

AIR-BRAXE catechism. By Roberu H. BLACiiALL. 

book Is a 0andard book It covers the Westmghouse Air-Brake Equipment, In- 
cluding the No 6 and the No 6 E T Locomotive Brake Fquipment, the K (QuiSc-Servioe) 
Triple Valve for Freight Service, and the Cro^s-Compound Furap The operation of all parts 
of the apparatus is explained m detail, and a practical way of nndmg their peculiarities and 
defects, with a proper remedy, given It contains 2,00G questions with their answers, 
which will enable any railroad man to pass any examination on the subject of Air Brakes. 
Endorsed and used by air-brake instructors and examiners on nearly every railroad m the 
United States 25th Edition 360 pages, fully illustrated with folding plates and dia- 
grams .... $2.00 

AMERICAN COMPOUND LOCOMOTIVES. By Fred H. Colvin. 

The only book on compounds for the engmeman or shopman that shows in a plain, practical 
way the various features of compound locomotives in use Shows how they are made, what 
to do when they break down or balk Contains sections as follows —A Bit of History The- 
ory of Compounding Steam Cylinders Baldwin Two-Cylinder Compound Pittsburg Two- 
Cylinder Compound Rhode Island Compound Richmond Cor^ound Rogers Compound 
Ichenectady Two-Cylinder Compound VaucJam (Compound Tandem Compounds Bald- 
win Tandem The Colvin-VVighlman Tandem Schenectady Tandem Balanced Loco- 
motives. Baldwin Balanced Compound Plans for Balancing Locating Blows Break- 
downs Reducing Valves Drifting Valve Motion Disconnecting Power of Compound 
Locomotives fiSnactical Notes 

Fully illustrated Tand containing ten special “Duotone” inserts on heavy Plate Paper, show- 
ing different types of Compounds. 142 pages Price ... $1.00 

APPLICATION OF HIGHLY SUPERHEATED STEAM TO LOCOMOTIVES. By 

Robert Garbe. 

A practical book Contains special chapters on Generation of Highly Superheated Steam; 
Superheated Steam and the Two-Cylinder Simple Engine, Coinpoundmg and Superheating; 
Designs ofi Locomotive Superheaters, Constructive Details of Locomotives using Highly 
Superheated Steam, Experimental and Working Results Illustrated with folding plate* 
ana tables Price ..... - . $2.50 


COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. 

By Wm. M Barr 

This book has been prepared with special reference to the generation of heat by the combus- 
tion of the common fuels found in the United States and deals particularly with the condi- 
tions necessary to the economic and smokeless combustion of bitummous coal m Stationary 
and LKJComotiVe Steam Boilers 

The presentation of this important subject is systematic and progressive The arrangement 
of the book is in a senes of practical questions to which are appended accurate answers, 
which describe m language, free from technicalities, the several processes mvolved In the 
furnace combustion of American fuels, it clearly states the essential r^ulsites for perfect 
combustion, and points out the best methods of furnace construction for obtaining the 
greatest quantity of heat from any given quahty of coal Nearly 350 pages, fully illustrated 
Price • • • • $1.00 


DIARY OF A ROUND HOUSE FOREMAN. By T S. Reilly . 

This is the greatest book of railroad experiences ever published Containing a fund of infor- 
mation and suggestions along the line of handhng men, organizing, etc , that one cannot afford 
to miss 176 pages Price ... $1.00 


LINK MOTIONS, VALVES AND VALVE SETTING. By Fred H. Colvin, Associate 
Editor of “ American Machinist 


A handy book for the engineer or machmist that clears up the mysteries of valve setting. 
Shows the different valve gears m use, how they work, and why. Piston and slide \'alves 
& different types are illustrated and explained A book that every railroad man m the mo- 
tive Dower department ought to have Contains chapters on Locomotive Lmk Motion. 
Valve Movements, Setting Slide Valves, Analysis by Diagrams. Modem Slip of 

•RWk Slide Valves. Piston Valves, Setting Piston Valves, Joy-Allen Valve Gear, Walschaert 
Valve* Gear Gooch Valve Gear, Alfree-Hubbell Valve Gear, etc., etc. Fully illustrated. 
Price 50 ceata 
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LOCOMOTIVE BOILER CONSTRUCTION. By Frank A. Kleinhans, 

The construction of boilers in general Is treated, and following this, the locomotive boiler 
is taken up in the order in which its various parts go through the shop. Shows all types of 
boilers used, gives details of construction; practical facts, such as life of riveting, punches 
and dies; work done per day, allowance for bending and flanging sheets, and other data. 
Locomotive boilers present more difficulty m laying out and building than any other type, 
and for this reason the author uses them as examples. Anyone who can handle them can 
tackle anything 

Contains chapters on Laymg Out Work, Flangmg and Forging, Punching; Shearing. Plate 
Pianmg, General Tables, Fmishmg Parts, Bending, Machinery Parts, Riveting, Boiler 
Details, Smoke Box Details, Assembling and Calking, Boiler Shop Machinery, etc , etc. 
There isn’t a man who has anythmg to do with boiler work, either new or repair work, who 
doesn’t need this book The manufacturer, superintendent, foreman, and boiler worker — 
all need it ' No matter what the type of boiler, you’ll find a mmt of information that you 
wouldn’t be without Over 400 pages, five large fold mg plates Price . ... $ 3.00 

LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. By Geo. L. Fowler. 
Revised by Wm W. Wood, Air-Brake Instructor. Just issu^. Revised pocket 
edition. 

It is out of the question to try and tell you about every subject tliat is covered in this pocket 
edition of Locomotive Breakdowns Just imagine all the common troubles that an engineer 
may expect to happen some time, and then add ail of the unexpected ones, troubles that could 
occur, but that you had never thought about, and you will find that they are all treated with 
the very best methods of repair Walschaert Locomotive Valve Gear Troubles, Electric 
Headlight Troubles, as well as (questions and Answers on the Air Brake are all mcluded 294 
pages. 7th Revised Edition Fully illustrated. . $ 1.00 

LOCOMOTIVE CATECHISM. By Robert Grimshaw\ 

The revised edition of "Locomotive Catechism,” by Robert Grimshaw, is a New Book from 
Cover to Cover It contams twice as many pages and double the number of Illustrations 
of previous editions Includes the greatest amount of practical information ever published 
on the construction and management of modem locomotives Specially Prepared Chapters 
on the Walschaert Locomotive Valve Gear, the Air Brake Equipment and the Electric Head 
Light are given 

It commends itself at once to every Engmeer and Fireman, and to all who are going In tor 
examination or promotion In plain language, with full complete answers, not only ail the 
questions asked by the examining engmeer are given, but those which the young and less 
experienced would ask the veteran, and which old hands ask as "stickers ’’ it is a veritable 
Encyclopedia of the Locomotive, is entirely free from mathematics, easily understood aiKl 
thoroughly up-to-date Contains over 4,000 Examination (Questions with their Answer#. 
825 pages, 437 illustrations and three folding plates. 28th Revised Edition. . . $ 3,50 

PRACTICAL INSTRUCTOR AND REFERENCE BOOK FOR LOCOMOTIVE 
FIREMEN AND ENGINEERS. By Chas F. Lockhart. 

An entirely new book on the Locomotive It appeals to every railroad man. a# It tells him 
how things are done and the right way to do them Written by a man who ha# had years 
of practical experience in locomotive shops and on the road and running The ktfor- 

mation given in this book cannot be found in any other similar treatise Eight hundred and 
fifty-one questions with their answers are Included, which will prove specially helpful to 
those preparing for examination Practical information on The Construction and Opera- 
tion of Locomotives Breakdowns and their Remedies, Air Brakes and Valve Gears 
Rules and Signals are handled in a thorough manner As a book of reference it cannot be 
excelled The book is divided into six part#, as follows i The Fireman’s Duties 2 
General description of the Locomotive 3 Breakdowns and their Remedies 4 Air Brakes. 
6 Extracts from Standard Rules 6 Questions for examination. The 851 questions have 
been carefully selected and arranged These cover the examinations required by the different 
railroads 368 pages 88 Illustrations. Price $ 1.50 

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING. 

By George Bradshaw. 

This book is a heart-to-heart talk with Railroad Employees, dealing with facts, not theories, 
and showing the men In the ranks, from every-day experience, how accidents occur and how 
they may be avoided The book is illustrated with seventy original photographs and draw- 
ings showing the safe and unsafe methods of work No visionary schemes, no ideal pictures 
Just plain facts and Practical Suggestions are given. Every railroad employed who reftdii the 
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saftjT man to have In railroad service It gives lust the luformattoil 
which will be the means of preventing many injuries and aeaths All railroad embloyeea 
gSf “ ““ preventing accident* 169 page..^ 


TRAIN RULE EXABIINATIONS MADE EASY. By G E Co'.linqwood. 

This is the only practical work on train-rules in print Every detail is covered, and puzaling 
points are explained in simple, cor^rehensive language, making it a practical treatise for 
the Train Dispatcher, Englneman, Trainman, and all others v To na^e to do with the move- 
ments of trains. Contains complete and reliable information of the Standard Code of Train 
Rules for single track Shows Signals in Colors, as used on the dlfl'erent roads Explains 
fully the practical application of train orders, giving a clear and definite understanding of all 
orders which may be used The meaning and necessity foi certain rul^ are explained In 
such a manner that the student may know beyond a doubt the rights conferred under any 
orders he may receive or the action required by certain rules 

As nearly all roads require trainmen to pass re^lar examinations, a complete set of examina- 
tion questions with their answers, are included Those will enable the student to pass the 
reouired examinations with credit to himself and the road for which he works 25Q pagea. 
Fiuly illustrated with Train Signals m colors Price . . ^1.25 


TRAIN RULES AND DESPATCHING. By H A Dalby. 

Every railroad man, no matter what department he's in, needs a copy of this book It glveh 
the standard rules for both single and double track, shows all the signals, with colora wher- 
ever necessary, and has a list of towns where time changes, with a map showing the whole 
country. The rules are explained w'herever there is any doubt about their meanmg or where 
they are modified by different railroads It’s the only practical book on tram rules in prmt. 
Over 220 pages l.eather cover Price . , . . ... $1.60 


THE WALSCHAERT AND OTHER MODERN RADIAL VALVE GEARS FOR 
LOCOMOTIVES. By Wm. W. Wood 

If you would thoroughly understand the Walschaert Valve Gear you should possess a copy 
of this book as the author takes the plainest form of a steam engine — a stationary engine in 
the rough, that will only turn its crank in one direction — and from it builds up — with the 
reader’s help — a modem locomotive cniulpped with the Walschaert Valve Gear, complete 
The points discussed are olearl> illustrated . two large folding plates that show the positions 
of the valves of both inside or outside admission type, as well as the links and other parts of 
the gear when the crank is at nine different point® m its revolution, are especially valuable 
in making the movement clear These employ sliding cardboard models which are contained 
in a pocket in the cover 

The book is divided into five general divisions, as follows I Analysis of the gear II De- 
signing and erecting the gear III Advantages of the gear IV Questions and answers 
relating to the Walschaert Valve Gear V Setting valves with the Walschaert Valve Gear, 
the three primary types of locomotive valve motion, modem radial valve gears other than 
the Walschaert, the Hobart All-free valve and valve gear, with questions and answers on 
breakdowns, the Baker- Pilliod valve gear, the Improved Baker-Pilliod Valve Gear, with 
questions and answers on breakdowns 

The questions with full answers given will be especially valuable to firemen and engineers 
in preparing for an examination for promotion 245 pages Third Reviied Edition, 
j^ice . . . . . • ’ • $1*60 


WESTINGHOUSE E— T AIR-BRAKE INSTRUCTION POCKET BOOK. By Wm. 

W. Wood, Air-Brake Instructor 

Here is a book for the railroad man, and the man who aims to be one It is without doubt 
the only complete work published on the Westmghouse E-T Locomotive Brake Equipment. 
Written by an Air Brake Instructor who knows just what is needed It covers the subject 
thoroughly. Everything about the New Westinghouse Engine and Tender Brake Equip- 
ment, mefudmg the Standard No 5 and the Perfected No 6 Style of brake, is treated in de- 
tail Written in plain Enghsh and profusely illustrated witii Colored Plates, which enable 
one to trace the flow of pressures throughout the entire equipment. The best book ever 
published on the Air Brake Equally good for the beginner and the advanced engineei. 
Will pass any one through any examination It informs and enlightens you on every pohuk 
IndispensaWe to every engmeman and tramman. 

Contains examination questions and answers on the E-T equipment. Covering what thft 
E-T Brake is How it should be operated. What to do when defective. Not a question cah 
be asked of the engineman up for promotion on either the No 5 or the No 6 E-T equipn^t 
that is not asked and answered m the book If you want to thoroughly understand the E-T 
equipment get a copyof this book. It covers every detail. Makes Air Brake troubles and 
iScamlnations easy, Mce $1,50 
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MACHINE SHOP PRAOTIOE 

AMERICAH TOOL MAKING AND INTERCHANGEABLE MANUFACTURING. By 

J. V. Woodworth. 

A "shoppy" book, containing no theorizing, no problematical or experimental devices, there 
are no badly proportioned and impossible diagrams, no catalogue cuts, but a valuable colleo 
tion of drawings and descriptions of devices, the nch fruits of the author's own experience 
In its 500-odd pages the one subject only, Tool Making, and whatever relates thereto, is 
dealt with. The work stands without a rival It Is a complete practical treatise on the 
art of American Tool Making and sysi em of interchangeable manufacturing as carried on 
to-day in the United States In it are described and illustrated all of the different types 
and classes pf small tools, fixtures, devices, and special appJianct^s which are in general use 
in all machine manufacturing and metal working establisnments where economy, capacity, 
and interchangeability in the production of machined metal parts are imperative The 
science of jig making is exhaustively discussiHl, and particular attention is paid to drill jigs, 
boring, profiling and milling fixtures and other devices in which the parts to be machined 
are located and fastened within the contrivances All of the tools, fixtures, and devices 
illustrated and described have been or are used for the actual production of work, such as 
parts of drill presses, lathes, patented machinery, typewriters, electrical apparatus, mechan- 
ical appliances, brass goods, composition parts, mould products, sheet metal articles, drop 
forgings, jewelry, wattmes, medals, coins etc 531 pages Price . 84. 06 

HENLEY’S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AND ALLIED 
TRADES, Edited by Joseph G. Horner, AMI, ME 

This set of five volumes contains about 2,500 pages with thousands of illustrations, including 
diagrammatic and sectional drawings with full explanatory dt'tails This work covers the 
entire practice of Civil and Mechanical Engmeermg The best known expert in all branches 
of engineering have contributed to these volumes The (yclojiedia is admirably well adapted 
to the needs of the beginner and the self-taught practical man, as well as the mechanical en- 
gmeer, designer, draftsman, shop .superintendent, foreman, and machinist The work will be 
found a means of advancement to any progressiv^e man It is encvclopedic in scope, thorough 
and practical in its treatment of technical subjects, simple and dear in its descriptive matter, 
and without unnecessary technicalities or formulae The articles are as brief as may be and 
yet give a reasonably clear and explicit statement of the subject, and are written bv men w’ho 
have had ample practical experience in the matters of which they write It tells jou all you 
want to know about engmeermg and tells it so simplj, so clearly, so concisely, that one cannot 
help but understand As a work of reference it is without a peer $6.00 volume. For 
complete set of five volumes, price . .... $25.00 

MACHINE SHOP ARITHMETIC. By Colvin-Cheney. 

This IS an arithmetic of the thmgs you have to do with daily It tells you plainly about how 
to find areas of figures, how to find surface or volume of balls or spheres, handy ways for 
calculating, about compound gearing, cutting screw threads on any lathe, drilling for taps, 
speeds of drills, taps, emery wheels, grindstones, milling cutters, «itc , all about the Metric 
system with conversion tables, properties of metals, strength of bolts and nuts, <lecimai 
equivalent of an inch All sorts of machine shop figuring and 1,001 other things, any one of 
v/nich ought to be worth more than the price of this book to you, and it saves you the trouble 
of bothering the boss 6th Edition 131 pages. Price 50 cent* 

MODERN MACHINE SHOP CONSTRUCTION, EQUIPMENT AND MANAGEMENT 

By Oscar E Perrigo 

The only work published that describes the Modern Machine Shop or Manufacturing Plant from 
tne tune the grass is growing on the site intended for it until the finished product is shipped 
Just the book needed by those contemplating the erection of modern shop buildings, the re- 
building and reorganization of old ones, or the introduction of Modern Shop Methods, time and 
cost systems It ls a book written and illustrated by a practical shop man for practical shop 
men who are too busy to read theories and want facts It is the most complete all-around 
book of its kind ever published 400 large quarto pages 225 original and specially-made 
illustrations. Price , $5.00 

MECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AND NOVELTIES 
OF CONSTRUCTION. By Gardner D. Hiscox. 

This is a supplementary volume to the one upon mechanical movements Unlike the flrtf 
volume, which is more elementary in character, this volume contains illustrations and descrip 
tions of many combinations of motions and of mechanical devices and appliances found » 
dfiferent lines of machinery. Each device being shown bv a line drawing with a description 
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ihowing its working parts and the method of operation From the multitude of devices de- 
scribed, and ill^trated, might be mentioned, in passing, such items as conveyors and elevators. 
Prony bmkes, thermometera,! various types of boilers, solar enOnes, oil-.uei burners, condensers 
evaporators, Corli^ and other valve gears, governore. gas engines, water motors of varmtHi 
descriptions, air ships, motom and dynamos, automobile and motor bicycles, railway blocJt 
signals, <^r wuplers, link and gear motions, ball bearings, breech block mechanism for heavy 

S ns, and a large accumulation of others of equal iraportan <'0 1,000 specially made engrav- 
ts 396 octavo pages Prio^ T . . . $2«50 


HECHASIC AL MOVEMENTS, POWERS, AND DEVICES. By Gardnek D. Hjscox. 

This is a collection of 1,890 engravings of different mechanical motions and appliances, accom- 
panied by appropriate text, making it a book of great value lo the mventor, the draftsman, 
and to all readers with mechanica« tastes The book is divided into eighteen sections or 
chapters m which the subject matter is classified under the following heads Mechanical Powers; 
Transmission of Power, Measurement of Power, Steam Power, Air Power Appliances, Electric 
Power and fkmstruction, Navigation and Roads, Gearing Motion and Devices, ControlUng 
Motion, Horologic.al Mining, Mill and Factory Appliances, Construction and Devices; 
Drafting Devices Miscellaneous Devices, etc 12th edition 400 octavo pages Price $2.60 


MACHINE SHOP TOOLS AND SHOP PRACTICE. By W. H. Vandervoort. 

A work of 556 pages and 673 illustrations, descnbin,' in every detail the construction, operation, 
and manipulation of both hand and machine tools Includes chapters on hhng, fitting, ana 
scraping surfaces, on drills, reamers, taps, and dies, the lathe and its tools, planers, simpers, 
and their tools milling machines and cutters, gear cutters and gear cutting, arilling machines 
and drill work, grmdmg machines and their work, hardening and tempering, gearing, belting 
and transmission machinery useful data and tables 6th edition. Price ...» $ 3.00 


THE MODERN MACHINIST. By John T. Usher 

This is a book showing, by plam description and by profuse engravmgs, made expressly for 
the work, all that is best, most advanced, and of the highest eflBciency m modem machine 
shop practice, tools, and implements, sliowmg the way by which and through which, as Mr. 
Maxim says, “American machinists have become and are the finest mechanics m the world." 
Indicating as it does, m every line, the familiarity of the author with every detail of daily 
experience m the shop, it cannot fail to be of service to any man nractically -connected with 
the shaping or finishing of metals 

There is nothing experimental or visionary about the book, all devices being in actual use 
and giving good results It might be called a compendium of shop methods, showmg a vari- 
ety of special tools and appliances which will give new ideas to many mechanics, from the 
superintendent dowm to the man at the bench It will be found a valuable addition to any 
machinist’s library, and should be consulted whenever a new or diflBcult job is to be done, 
whether It is boring, milling, tiimmg, or planmg, as they are all treated m a practical manner. 
Fifth Edition 320 pages 250 illustrations Price . . $2.50 

MODERN MILLING MACHINES: THEIR DESIGN, CONSTRUCTION AND OPERA- 
TION. By Joseph G. Horner 

This book describes and illustrates the Millmg Machme and its work in such a plam, clear, 
and forceful manner, and illustrates the subject so clearly and completely, that the up-to-date 
machmist, student, or mechanical engineer cannot afford to do without the valuable mfor- 
mation wnich it contains It describes not only the early machines of this class, but notes 
their gradual development into the splendid machines of the present day, giving the design 
and construction of the various types, forms, and special features produced by prominent 
manufacturers, American and foreign ... ^ 

Milling cutters m all their development and modernized forms arc illustrated and described, 
and the operations they are capable of producing upon different classes of work are tarefully 
described in detail, and the speeds and feeds necessary aie discussed, and valuable and useful 
data given for de^ermmmg these usually perplexing problems. The book is the most compr^ 
hensive work published on the subject 304 pages 300 illustrations. Price . , $4*00 


“ SHOP KINKS.” By Robert Grimshaw 

A book of 400 pages and 222 illustrations, being entirely different froifi any other book on 
machine shop practice Departing from conventional style, the author avoids universal o* 
common shop usage and limits his work to showmg special ways of domg things better, mow 
cheaply and more rapidly than usual As a result the advanced meth^ of repres^Utiye 
establishments of the world are placed at the disposal of the reader Tto book sho^ %m 
Droorietor where large savings are possible, and how products may be improved. To tj^ 
employee it holds out suggestions that, properly applied, wilUm^en hte ^vancement. No 
shoo <»n afford to be without it It bristles with valuable \^kte8 and helpful TOgfwatloM. 
It will benefit all, from apprentice to proprietor. Every machmist, at any age, should 
its pages. Fifth Edison. Price W.W 
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TllRKi|}X5 ASD THKBAD CtITTinG. By Colvin and Stabbl 

TtKis clears up many of the mysteries of thread-cutting, such as double and triple threads, 
internal threads, catching threads, use of hobs, etc. Contains a lot of useful hints and several 
tables. 3rd Edition. Price 185 oents 

TOOLS FOR MACHINISTS AND WOOD WORKERS, INCLINING INSTRUMENTS 
OF MEASUREMENT. By Joseph G. Horner. 

The prmciples upon which cutting tools for wood, metal, and other substances are made are 
identical, whether used by the machinist, the carpenter, or by any other skilled mechanic in 
their daily work, and the object of this book is to give a correct and practical description of 
these tools as they are commonly designed, constructed, and used. 340 pages, fully illustrated 
Price S8.60 


MAIOTAL TRAININO 


ECOHOUICS OF MAMUAL TRAINING. By Louis Rouillion. 

The only book published that gives just the information needed by all interested in Manual 
Training, regardmg Buildings, Eouipment, and Supplies Shows exactly what is needed for 
aU grades of the work from the Kmdergarten to the High and Normal School Gives item- 
ized lists of everything used m Manual Training Work and tells just what it ought to cost 
Also shows where to buy supplies, etc. Contains 174 pages, and is fully illustrated 
2nd Edition Price . . $1.50 


MARINE ENGINEERING 

MARINE ENGINES AND BOILERS, THEIR DESIGN AND CONSTRUCTION. By 

Dr. G. Bauer, Leslie S. Robertson, and S. Br\AxN Donkin. 

in the words of Dr Bauer, the present work owes Its origin to an oft felt want of a Condensed 
Treatise, erabodymg the Theoretical and Practical Rules used in Designing Marine Engines 
and Boilers The need for such a work has been felt bv most engineers engaged m the con- 
struction and workmg of Marine Engines, not only by the younger men, but also by those of 
greater experience The fact that the original German work was written by the chief engineer 
of the famous Vulcan Works, Stettin, is in itself a guarantee that this book is in all respects 
thoroughly up-to-date, and that it embodies all the information which is necessary for the 
design and construction of the highest types of marine engines and boilers It may be said, 
that the motive power which Dr Bauer has placed in the fast German liners that nave been 
turned out of late years from the Stettin Works, represent the very best practice in marine 
engineering of the present day 

This work is clearly written, thoroughly systematic, theoretically sound, while the character 
of its plans, drawings, tables, and statistics is without reproach The illustrations are care- 
ful reproductions from actual working drawings, with some well-executed plmtagraphicvle^s 
of completed engines and boilers 744 pages 550 lUustratlons and numerous tables. 

$9.00 net 

MODERN SUBMARINE CHART. 

A cross-section view, showing clearly and distinctly all the Interior of a Submarine of the 
latest type You get more information from this chart, about the construction and operation 
of a Submarine, than in any other way No Details omitted — everything is accurate and to 
scale. It is absolutely correct In every detaU. having been approved by Naval Engineers 
All the machinery and devices fitted In a modem Submarine are shown and to make th(‘ 
engraving more readily understood all the features are shown hi operative form with OlHcer'' 
and Men In the act of performing the duties assigned to them in service conditionB. This 
CHART 18 REALLY AN ENC^YCLOPEDIAOF A SUBMARINE. It is educational 
and worth many times its cost Mailed in a Tube for 95 cents 


MININO 


ORE DEPOSITS, WITH A CHAPTER ON HINTS TO PROSPECTORS. By X P 

Johnson 

This book gives a condensed account of the ore-deposits at present known in South Africa 
It is also intended as a guide to the prospector. Only an efementary knowledge of geology 
and some mining experience are necessary in order to understand this work. With them’ 
qualifications, it will materially assist one in his search for metalfiferoui mUieiiti occurrences 
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and, so for as simple are concerned, should enable one to form some idea poasl- 

biUtiefl of any he may flna. ^ 

Among the clmpters given are Titaniferous and Chromiferous Iron Oxides — Nickel— <5op- 
per — Cobalt — 1 In — Molybdenum-Tungsten— Lead— Mercury— Antimony — Iron — Hints to 
Piofipectors. . * . fd.OO 

PHYSICS AND CHEMISTRY OF MINING. By T. K. Htkom. 

A practical work for the use of all preparing for exatnmations in mining or qualifying for 
colliery managers' certificatee The aim of the author m this excellent book is to place dearly 
before the reader useful and authoritative data which will render him valuable assistance in 
his studies The only work of its kmd published The mformation incorporated in it will 
prove of the greatest practical uti’ ty to students, minmg c igineers, colliery managers, and 
all others who are specially Interested in the present-day treatment of miniiig problems. 
Among its contents are chapters on The Atmosphere, I^ws Relating to the Behavior of 
Gases, The Diflfusion of Gases, Composition of the Atmosphere Sundry Constituents of the 
Atmosphere, Water, Carbon, Fire-Damp, Combustion, Coal Dust and Its Action, Ex- 
plosives, Composition of Various Coals and Fuels, Methods of Analysis of Coal, Strata Ad- 
loining the Coal Measures, Magnetism and Electricity. Appendix. Useful Tables, etc ; 
Miscellaneous Questions 160 pages Illustrated , $2.0G 

PRACTICAL COAL MINING. By T. H O ckin. 

An important work, containing 428 pages and 213 illustrations, complete with practical de- 
tails, which will intuitively impart to the reader, not onlv a general knowledge of the princi- 
ples of coal minmg, but also considerable msight into allied subjects This treatise is poM- 
tlvely up to date m every instance, and should be m the hands of every colliery engineer, 
geologist, mine operator, superintendent, foreman, and all others who are mterested in or 
connected with the mdustry 2nd Edition. 93*50 

PATTERN MAKING 


PRACTICAL PATTERH MAKING. By F W. Barrows 

This is a very complete and entirely practical treatise on the subject of pattern making, lUua- 
tantiog pattern work in wood and metal From its pages you are taught just what you should 
know about pattern making It contains a detailed description of the materials used by 
pattern makers, also the tools, both those for hand use, and the more interesting machine 
tools; having complete chapters on the band saw. The Buzz Saw, and the Lathe Individual 
patterns of many different kinds are fully illustrated and described, and the mounting of 
metal patterns on plates for molding machines is included 

Rules, Formulas and Tables are included, containing simple and original methods for finding 
the weight of castings, both from the pattern itself and from the drawings This section 
cont^ns some new and practical formulas, which will be found very useful in estimating 
weights, with the accuracy required for quotations to prospective customers All of these 
rules are simple, and can be put to practical use by the ordinary, every-day man, and they 
have been proved by years of actual use 

Plain rules for keeping down the cost of patterns, with a complete system for checking the 
cost of and marking the patterns, and a card record showing what the pattern is, material 
used, where located In safe, with its cost and date of production, is included The book closes 
with’ an orl^al and practical method for the inventory and valuation of patterns Ob- 
taining 326 pages and 150 detailed illustrations Price, . ... . $2.00 


PERFUMERY 


HENLEY’S TWENTIETH CENTURY BOOK OF RECEIPTS, FORMULAS AND PRO- 
^’CESSES, Edited by G. D. Hiscox. 

The most valuable Techno-cheraical Receipt Book published Ctontams over 10,000 practical 
' ctal value to the perfumer, a mme of informal i< 


fewiptirraany of which will prove of special value t 
to-date in every respect Price, Cloth, $3.00; half morocco 




■ PERFUMES AND THEIR PREPARATION. By G. W Askinson, Perfumer. 


nietics ^tr^es and other toUe? articles are given, also a detaUed 4escription of aromMte 
their nature, tests of purity, and wholesale manufacture, A of general, 
M wU M nrofessional interest, meeting the wants not only of the druggist and iwrtume 
ulaStoer, ^ of the aeneraJ public. Third edttlon. 312 pages, filustiated. . • 8.00 
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PLUMBING 


iqSCHAHICAL DRAWING FOR PLDBIBERa By R. M. Stakbuck. 

A concdse. comprebensive and practical treatise on the subject of mechanJcal drawtotf in its 
various modem applications to the work of all who are in any way connected wftb Ibe 
plumbmg trade Nothing will so help the plumber in estimating and in explaining work to 
customers and workmen as a knowledge of drawing, and to the workman It Is of inestimable 
value if he is to rise above his position to positions of greater responsibility Among the 
chapters contained are 1 Value to plumber of knowledge of drawing, tools required 
and their use , common views needed In mechanical drawing 2 Perspective versus mechan- 
ical drawmg in showing plumbing construction 3 Correct and incorrect methods in 
plumbing drawing , plan and elevation explained 3 Floor and cellar plans and elevation , 
scale drawings, use of triangles 5 Use of triangles, drawing of fittings, traps, etc 6 
Drawing plumbing elevations and fittings 7 Instructions in drawing plumbing elevations 
8 The drawing of pltunbing fixtures , scale drawings 9 Drawing of fixtures and fittings 
10. Inking of drawings 11 Shading of drawings 12 Shading of drawings 13 Sec- 
tional drawings, drawing of threads 14 Plumbing elevations from architect’s plan 
15 Elevations of separate parts of the plumbing sjstem 16 Elevations from archltect’c 
plans 17 Drawing of detail plumbing connections 18 Architect’s plans and plumbing 
elevations of residence 19 Plumbing elevations of residence (continue ). plumbing plans 
for cottage 20 Plumbing elevations, roof connections 21 Plans and plumbing weva- 
tions for six-flat building 22 Drawing of various parts of the plumbing system; use of 
scales 23 Use of architect’s scales 24 Special features in the illustrations of country 
plumbing 25 Drawing of wrought iron piping, valves, radiators, coils, etc 26 Dra¥fdng 
of piping to illustrate heating systems 150 illustrations Price. ... . . $ 1.60 

MODERN PLUMBING ILLUSTRATED. By R. M. Sr.\BBucK 

This book represents the highest standard of plumbing work It has been adopted and used 
as a reference book by the United States Government, in its sanitarj' work In Cuba, Porto 
Rico, and the Philippines, and by the principal Boards of Health of the United States and 
Canada 

It gives connections, sizes and working data for all fixtures and groups of fixtures It is 
helpful to the master plumber in demonstrating to his customers and in figuring work It 

f ives the mechanic and student quick and easy access to the best mod€?m plumbing practice 
uggestions for estimating plumbing construction are contained in Its pages Tms book 
represents, in a word, the latest and best up-to-date practice, and should be in the hands of 
every architect, sanitary engineer and plumber who wishes to keep himself up to the minute 
on this important feature of construction Contains following chapters each illustrated 
with a full-page plate Kitchen sink, laundry tubs, vegetable wash sink, lavatoHee, 
pantry sinks, contents of marble slabs, bath tub, foot and sltz bath, shower bath; water 
closets, venting of water closets, low-down water closets, water closets operated by flush 
valves, water closet range, slop sink, urinals, the bidet, hotel and restaurant sink, grease 
trap, refrigerators, safe wastes, laundry waste, lines of refrigerators, bar sinks, soda foun- 
tain sinks, horse stall, frost-proof water closets, connections for S traps, venting, con- 
nections for drum traps, soil pipe connections, supporting of soil pipe; main tmp and 
ft*esh air inlet, floor drains and cellar drams, subsoil drainage, water closets and floor 
connections , local venting , connections for bath rcxims , connections for bath rooms, con- 
tinued: connections for bath rooms, continued, connections for bath rooms, continued, 
examples of poor practice, roughing- work ready for test, testing of plumbing system 
method of continuous venting, continuous venting for two-floor work, continuous venting 
for two lines of fixtures on three or more floors, continuous venting of water closets , plumb- 
ing for cottage house, constru<*tion for cellar piping, plumbing for residence, use of special 
fitting, plumbing for two-flat house, plumbing for apartment building; plumbing for 
double apartment building, plumbing for office building, plumbing for public toilet rooms, 
plumbing for public toilet rooms, continued, plumbing for bath establishment, plumbing 
for engine house, factory plumbing , automatic flushing for schools, factories, etc , use of 
flushing valves, urinals for public toilet rooms, the Durham system, the destruction of 
pipes by electrolysis, construction of work without use of lead, Automatic sewage lift, 
automatic sump tank, country pltunbing; construction of ce^pools, septic tank ana auto- 
matic sewage siphon, country plumbing; water supply for country house, thawing of 
water mains and service by electricity, double boilers, hot water supply of large build- 
ings, automatic control of not water tank: suggestions for estimating plumbing construc- 
tion 400 octavo pages, fully illustrated by 66 fuU-page engravings Price . $ 4.00 

STANDARD PRACTICAL PLUMBING. By R. M. Starbtjck. 

A complete practical treatise af 460 pages covering the sabject of Modem Plumbing 
in all its branches, a large amount of space being devoted to a very complete and praottoal 
treatment of the subject of Hot Water Supply and Oireulatkm and lUnge Boiler Work 
Its thirty chapters include about every phase of the subject one can think of. making it 
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Ml work to the master plumber, the journeyman plumber, and the apprcoitiOQi 

plumber, containing chapters on the plumber's tools, wiping solder, composition and use; 
joint wiping, lead work, traps, siphonage of traps, venting, continuous venting, house 
sewer and sewer coimections, house drain, soil plpmg, rougWng, main trap and fresh 
iniet» floor, yard, cellar draicp, rain leaders, etc . future wastes, water closets , ventliation. 


hot water for large buildings, water lift and its use, miilti*^le ccnnections for fiot water 
boilers, heating of radiation by supply system, theorv for tne plumber, drawing ^or the 
plumber Fully illustrated by 347 engravings Price $8.00 


RECEIPT BOOK 


HENLEY’S TWENTIETH CENTURY BOOK OF RECEIPTS, FORMULAS AND PRO- 
CESSES. Edited by Gardner D Hiscox 

The most valuable Techno-chemical Receipt Book published, including over 10,000 selected 
sclentiflc, chemical, technological, and practical receipts and processes 

This is the most complete Book of Receipts ever published, giving thousands of receipts for 
the manufacturer of valuable articit^s for everyday use Hints. Helps. Practical Ideas, and 
Secret Processes are revealed within its pages It covers every branch of the useful arts and 
tells thousands of ways of making money and is just the book everyone should have at hla 
command 

Modem in its treatment of every subject that properly falls within its scope, the book may 
truthfully be said to present the very lab^t formulas to be found in the arts and industries 
and to retain those processes winch long experience has proven worthy of a permanent record. 
To present here even a limited number o! the subjects which find a place in this valuable 
work would be difficult Suffice' to say that m its pages will be found matter of mtense in- 
terest and immeasurable practical value to the scientific amateur and to him who wishes to 
obtain a knowledge of the many processes used iri the arts, trades and manufactures, a 
knowledge which will render his pursuits more instructive and remunerative Serving as a 
reference book to the small and large manufacturer and suppplying mtelligent seekers with 
the information necessary to conduct a process, the work will oe found of mestimable worth 
to the Metallurgist, the Photographer, the Perfumer, the Painter, the Manufacturer of 
Glues, Pastes, Cements, and Mucilages, the Compounder of Alloys the Cook, the Physician, 
the Druggist, the Electrician, the Brewer, the Engineer, the Foundryman. the Machinist, 
the Potter, the Tanner, the Confectioner, the Chiropodist, the Manicure, the Manufacturer 
of Chemical Novelties and Toilet Preparations, the Dver, the Electroplater the Enameler, 
the Engraver, the Provisioner, the Glass '^^orker. the Goldbeater, the Watchmaker, the Jew- 
eler the Hat Maker, the Ink Manufacturer, the Optician, the Farmer, the Dairyman, the 
Paper Maker, the Wood and Metal Worker, the Chandler and Soap Maker, the Veterinary 
Surgeon, and the Technologist in general 

A mine of Information, and up-to-date in every respect A book which will prove of value 
to EVERYONE, as it covers every branch of the Useful Arts 800 pages Price $3.00 

WHAT IS SAID OF THIS BOOK 


“ Your Twentieth Century Book of Receipts, Formulas and Processes duly received I am 
glad to have a copy of it, and if I could not r^lace It money couldn’t buy it It Is the best 
t^ng of the sort I ever saw ” (Signed) M E Trux, 

Soarta, Wis 

There are few persons who would not be able to find m the book some single formula that 
would repay several times the cost of the book,” — Merchant's Record and Show Window, 


RUBBER 


RUBBER HARD STAMPS AMD THE MANIPULATION OF INDIA RUBBER. By 

T. O’CONOB Sloanb. 


This book idves full details on all pomts, treating m a concise and simple maDx.er the elements 
Of nearly everything it is necessary to understand tm a commenremOTt in any branch of the 
Sidto Rubber Wufacture. The makmg of all kinds of Rubber Hand Stamps, SmaU Artteies 
M TSdto Rubber, U S. Government Composition, Datmg Hand ^amps, the Manlpulathm 
^ BhMt Rubber Toy Balloons, India Rubber Sobitions, Cements, Blackings, Renovating 
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VanH^ find Tteatment for India Rubber Shoes, etc.; the Hektomph Stamp Inks, and 
Miscewneous Notes, With a Short Account of the Discovery, Oollectiou, and Manufacture of 
India Rubber are set forth in a manner designed to be readily understood, the explanations 
being plain antji simple Including a chapter on Rubber Tire Makiagand Vulcanising, also k 
chapter on the uses of rubber in Surgery and Dentistry. Third revised and enlarged edition 
175 pages Illustrated $1.00 


SAWS 


SAW FILIIfGS AHD MANAGEMENT* OF SAWS. By Robert Gbimshaw. 

A practical hand book on filing, gumming, swaging, hammering, and the brazing of band saws, 
the speed, work, and power to run circular saws, etc A handy book for those who have charge 
Of saws, or for those mechanics who do their own filing, as it deals with the proper shape and 
pitches of saw teeth of all kinds and gives many liseful Jitots and rules for gumming, felting, 
and filing, and is a practical aid to those who use saws for any purpose New edition, revised 
and enlarged. Illustrated Price ... ....... $1.00 


STEAM EN6INEERIN0 


AMERICAN STATIONARY ENGINEERING. By W. E. Crane. 

This book begins at the boiler room and tak<^ In the whole power plant A plain talk on 
every-day work about engines, boilers, and their accessories It is not intended to be sden- 
Mflc or mathematical All formulas are in simple form so that any one understanding plain 
arithmetic can readUy understand any of them The author has made this the most prac- 
tical book in prmt, has given the results of his years of experience, and has included about 
all that has to do with an engine room or a power plant You are not left to guess at a single 
ooint You are shown clearly what to expect under the various conditions, how to secure 
the best results, ways of preventing “shut downs ’ and repairs, in short, all that goes to 
make up the requirements of a g(X)d engineer, capable of taking charge of a plant Its plain 
enough for practical men and yet of value to those high in the profession 
A partial list of contents is The boiler room, cleaning boilers, firing, feeding, pumjM. 
jispection and repair, chimneys sizes and cost . piping, mason work, foundations, testuig 
.cement; pile driving, en^nes, slow and high speed, valves, valve setting; Corliss engines, 
setting valves, single and double eccentric, air pumps and condensers, different types of 
condensers, water needed, lining up. pounds, pins not souare In crosshead or crank, 
engineers' tools, pistons and piston rings, bearing metal . hardened oopper, drip pipes from 
cylinder jackets, belts, how* made, care of. oils, greases, testing luoHcants, rules and 
tables, Including steam tables, areas of segments, squares and square root, cubes and cube 
root, areas ana circumferences of circles Notes on Brick work, explosions, jiumps, 
pump valves, heaters, economlz;ers, safety valves, lap, lead, and clearance Has a complete 
examination for a license, etc , etc Second edition. 285 pages. Illustrated Price . $id.00 

EMINENT ENGINEERS. By Dwight Goddard. 

Everyone who appreciates the effect of such great inventions as the Steam Engine, Steamboat, 
Locomotive, Sewing Machine, Steel Working, and other fundamental discoveries, is interested 
in knowing a little about the men who made thcto and their achievements 
Mr. Goddard has selected thuty-two of the world’s engineers who have contributed most 
largely to the advancement of our civilization by mechanical means, giving only such facta as 
are of general interest and in a way which appeals to aU, whether mechanics or not 28C 
pages 35 illustrations Price ....$1.50 

ENGINE RTJNNER^S CATECHISM. By Robert Orimshaw. 

A practical treatise for the stationary engineer, telling how to erect, adjust and run the prin- 
cipal steam engines m use m the United States. Describing the principal features of various 
special and well-known makes of engines Temper Cut-off, Shipping and Receiving Founda- 
tions, Erecting and Starting, Valve Setting, Care and Use, Emergencies, Erecting and Ad- 
justing Special Engines 

The questions asked throughout the catechism are plain and to the point, and the answers 
are given in such simple language as to be readily understood by anyone All the instructions 
given are complete. and up-to-date; and they are written in a popular style, without any 
technicalities or matheoiatical formula* The work is of a handy size for the pijcket, cl^ny 
and well printed, nicely bound, and profusely Illustrated. To young enirtneera this catechism 
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EHGIHE TESTS AND BOILER EFFICIENCIES. By J BucHrm. 

This work fully describes and illustrates the method of testing the 
turbines and explosive motors. The properties of steam and the ev, 

Combustion of fuel and chimney draft, with formulas explained i 
266 pages, 179 illustrations. ........ . . . 

HORSEPOWER CHART. 

Shows the horsepower of any stationary engine without calculation No matter what the 
cylinder diameter of stroke . the steam pressure or cut off , the revolutions, or whether con- 
densing or non-condensing, it’s all there Easy to use, accurate, and saves time and calcu- 
lations Especially useful to engineers and designers . 50 cents 

MODERN STEAM ENGINEERING IN THEORY AND PRACTICE. By Gardnbk 
D Hiscox. 

This is a complete and practical work issued for Stationary En^eers and firemen dealing 
with the care and management of boilers, engines, pumps, superheated steam, refrigerating 
machinery. d>Tiaraos, motors, elevators, air compressors, and all other branches wim wM^ 
the modem engint'er must be familiar Nearly 200 questions with their answers on steam 
and electrical engineer! ug. likely to be asked by the Examining Board, are included. 
Among the chapters an* Historical, steam and its properties, appliances for the genera- 
tion of steam, types of boilers, chimncv and its work, heat economy of the feed water; 
steam pumps and their work, incrustation and its work, steam above atmospheric pressure, 
flow of steam from nozzles, superheated steam and its work, adiabatic expansion of steam, 
indicator and its work, steam engine proportions, slide valve engines and valve motion: 
CchtUss engine and its valve gear, compound engine and its theory, triple and multiple 
expamdon engine steam turbine, refrigeration, elevators and their management, cost 
of power, steam engine troubles, electric power and electric plants 487 pages 406 en- 
gravings Price SS.OO 

STEAM ENGINE CATECHISM. By Robert Grimshaw 

This unique volume of 413 pages is not only a catechism on the question and answer princi- 
ple, but it contains formulas and worked-out answers for all the Steam problems that apper- 
tain to the operation and management of the Steam Engine Illustrations of various valves 
and valve gear with their principles of operation are given Thirty-four Tables that are 
indlspensaWe to every enginet'r and fireman that wishes to be progressive and is ambitious to 
become master of his calling are within its pages It is a most valuable instructor in the 
service of Steam En^neering l^eading engmeers have recommended it as a valuable educa- 
tor for the beginner as well as a reference book for the engineer It is thoroughly mdexed 
for every detail Every essential question on the Steam Engine with its answer is contained 
in this valuable work Sixteenth edition Price $2.00 

STEAM ENGINEER'S ARITHMETIC. By Colvin Cheney. 

A practical pocket book for the steam engineer Shows how to work the problems of the 
engine room and shows “why “ Tells how to figure hor‘^e-power of engines and boilers, area 
of boilers , has tables of areas and circumferences , steam tables , has a dictionary of engineering 
terms Puts you on to all all of the little kinks in figuring whatever there is to figure around 
a DOwer plant. Tells you about the heat unit, absolute zero, adiabatic expansion; duty oJ 
engines, factor of safety, and 1.001 other things, and everything is plam and sinmle— not 
the hardest way to figure, but the easiest 2nd Edition 50 cents 


power of steam engines, 
iporative power qt fuels 
u practically coA^ted 


STEAM HEATING AND VENTILATION 


PRACTICAL STEAM, HOT- WATER HEATING AND VENTttATION. By A. G. 
Kino. 

This book Is the standard and latest work published on the subject and has been prepared for 
us^f all engaged in the business of steam, hot water heating, and venttotlon It U an 
MTU? exhaustive work. Tells how to get heating contracts, how to install heating and 
^vSttog appSsTthe business methods to be used, with “Tricks of the Trade” for 
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aho^p use. Eules and data ^or estimating radiation and cost and such tablel and information 
a$ make it an indispensable work tor everyone interested in steam, hot water heatinc, and venti- 
iaiion. It describes all the principal systems of steam, hot water, vacuum, vapor, and vacuum- 
vapor heating, together with the new accelerated systems of hot water circulation, Including 
chapters on up-to-date methods of ventilation and the fan or blower system of heating and 
ventilation Containing chapters on* I Introduction II Heat. III. Evolution of 
artificial heating apparatus IV Boiler surface and settings V The chimney flue. VI 
Pipe l^uiL fittings VII Valves, various kinds VIII Forms of radiating surfaces IX 
Locat iqi^ of raduating surfaces X Estimating radiation XI Steam-heating apparatus 
Xll ^Pbiaust-eteam heating XIII Hot- water heating XIV Pressure s^teras of hot- 
wateSf work XV Hot- water appliances XVI Greenhouse heating XVII Vacuum 
"*^por and vacuum exhaust heating XVIII Miscellaneous heating. XIX Eadiator and 
pi^ oOBnections XX Ventilation, XXI Mechanical ventilation and hot-blast heating 
ji^II. Steam appliances XXIH. District- heating XXIV Pipe and boiler covering 
XXV Temperature emulation and heat control XXVI Business methods XXVIl 
Miscellaneous. XXVIII. Rules, tables and useful information 367 pages 300 detailed 
eogravuigs. Price S8.00 


STEAM PIPES 

STBAlt PIPES: THEIR DESIGN AND CONSTRUCTION. By Wm. H Booth. 

The work is well illustrated m regard t<%pipe joints, expansion offsets, flexible ioints, and 
self-contained sliding joints for takmg up the expansion of long pipes In fact, the chapters 
on the flow of steam and expansion of pipes are most valuable to all steam fitters and users 
The pressure strength of pipes and method of hanging them are vvell treated and illustrated 
Valv€»s and by-passes are full> illustrated and described, as are also flange joints and their 
propea* proportions, exhaust heads and separators One of the most valuable cliaoters is that 
on supc^eated steam and the saving of steam by insulation with the various kinds of felt- 
mg and other materials with comparison tables of the loss of heat in thermal units from naked 
and felted steam pipes, Contams 187 pages Price 88*00 


STEEL 


AMERICAN STEEL WORKER. By E R. Markham. 

This book tells how to select, and how to work, temper, harden, and anneal steeliDr ever^tbiog 
on earth. It doesn't tell how to temper one class of tools and tM treatment of 

another kind of tool to your imagination and judgment, but it gives caMtfi i^rac^ons for 
every detail of every tool, whether it be a tap, a reamer or jmst a^ittrew^wver. Tit tells about 
the tempering of small watch spnngs, the hardening of cirtiw, and the annealing of dies In 
fact there Isn’t a thing that a steel worker would want tb know Included It is the 

standard book on selecting, hardening, and tempering ^ st-eel Among the 

chapter headings might be mentioned the following subjects Introduction, the workman 
steel, methods of heating , heating tool steel, forging, annealing, hardening baths, baths 
for hardening, hardening steel, drawing the temper after harcioningf^ examples of hard- 
ening, pack hardening , case hardening, spi^g tempering, making tools of machine steel . 
special steels, steel for vanous tools, causes of trouble, high speed stewE, etc. 366 pages 
Very fully illustrated 3rd Edition. PJPjpe . ^ . $8*60 

HARDENING, TEMPERING, ANNEALIRfi* AND FORGING Cgp STEEL. By J. V. 

Woodworth. * '' 

A new work treating in a clear, concise manner all modern processes for the heating, annealing 
forging, welding, hardenmg. and tempering of steel, making it a book of great practical value 
to the metal-workmg mechanic in general, with special directions for the successful hardenmg 
and tempering of all steel tools used in the arts, including milling cutters, taps, thread dies, 
reamers, both solid and shell, hollow mills, punches and dies, and all kinds or sheet metal 
working tools, shear blades, saws, fine cutlery, and metal cuttlnt* tools of all description, as 
well as for all Implements of steel both large and small In this work the simplest and most 
satisfactory hardening and tempering proce.sses are given 

The uses to which the leading brands of steel may be adapted are concisely premBnted, and their 
treatment for working under different conditions explained, also the special methods for the 
hardening and tempering of special brands. 

A chapter devoted to the different processes for Case-banlenins is also included, and special 
reference made to the adoption of machinery steel for tools of various kinds. 4tli Edition. 28S 
pages. 201 lUustrationa. Prico 18*60 
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TUBBIHES 

MARINE STEAM TURBINES. By Dr G. Bauer and O Labcse. Assisted by 
E. Ludwig and H. Vogel Translated from the Ger.n?\n and edited by M G. 9. 
Swallow 

This work forms a supplementary volume to the book entitled “Marine Engines 

The authors of this book, Dr G Bauer and O Lasche, may be regarded as thiPMtading 

authorities on turbine construction 

The book is essentially practical and liscusses turbmes in whic h the full expansion of steam 
passes through a number of separate turbines arranged for dnving two or more shaffta. as 
in the Parsons system, and turbines in which the complete expansion of steam from inlet 
to exhaust pressure occurs in a turbine on one shaft, as in the case of the Curtis machines. 
It will enable a designer to carry out all the ordinary calculations necessary for the con- 
struction of steam turbines, hence it fills a want which is hardly met by larger and more 
theoretical works 

Numerous tables, curves and diagrams will be found, which explain with remarkable lucidity 
the reason why turbine blades are designed as they are, the course which steam takes thrmign 
turbines of various types, the thermodynamics of steam turbme calculation, the lct|iuence 
of vacuum on steam consumption of steam turbmes, etc In a word, the very infonnation 
which a designer and builder of steam turbines most requires The book is divided into 
parts as follows 1 Introduction 2 General remarks on the design of a turbine inetalla-r 
tion 3 The calculation of steam turbmes 4c Turbine design 5 Shafting and pro- 
pellers 6 Condensing plant 7 Arrangement of turbines 8 General remarks on the 
arrangement of steam turbmes in steamers 9 Turbine-driven auxiliaries 10 Tables. 
Large octavo 214 pages Ihilly illustrated and containing 18 tables Including aii 
chart. Price, net, . . 


WATCH MAKING 


WATCHMAKER’S HANDBOOK. By Claudius Saunieb. 

This famous work has now reached its seventh edition and there is no work issued that caL 
compare to it for clearness and completeness It contams 498 pages and is intended as a 
worKshop companion for those engaged in Watch-making and allied Mechanical Arts. Neariy 
260 engravmgs and fourteen plates are included Price ... .... $ 8.00 
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THE MODERN GASOLINE 
AUTOMOBILE 

Its Construction, Operation, Maintenance 
and R^air. 

By VICTOR W. PAG£, M.E. 

800 lllmtrsti<MU—Ov«r 700 f6 x9) PmgM— Tea Lant* MtUat PIMM 

PRICE S2.S0 
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I AUTOMOBiU 1 
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t COMPUTE AinOMOnU BOOK, SNOWMO EVERT RECENT UPROVEMENT. 

By i study of the pa|es of this book one can <sin prsctkil knowledge of 

the aotomobtle that vrtU save timeo money and worry. The book tells you Just what 
to do» how and when to do it Nothing has been omittedo no detail has been sUtfited. 
Every part of the aotoniobile. its equipment accessories, tools, sup^tes, spare parts 
necessary, etc. ^ve been discussed comprehensively. If you are or intend to beooain 
a motorist or are in any way interested in the modem Gasoline AntomobUs^ this is a 
book yon cannot afford to be without 

COVERS EVERY PHASE OF 1916 AUTOMOBILE PRACTICE AND IS SUPEMOR 
TO ANY TREATISE HERETOFORE PUBUS^EO. 


Written in simple language by a recognized authority, familiar with every branch of the soto* 
meddle industry. Free from technical terms. Everything is explained so «im]^4|Qiat mwona •! 
average intelli^nce may gam a comprehensive knowledge of the gasoline aatomobUi^ The talomia* 
tion is up to date and includes, in addition to an exposition of principles of constructioii and description 
of all types of automobiles and their par^ valuable money-saving hints on tho care and opfll|tioo ol 
motor cars propelled by mtemal combustion engines. 

Motorists, students, salesmen, demonstrators, repairmen, chan|tearL garam owxicrs, and 
designers or engineers ne^ this work because it is complete* auihorUHavi^d thoroughly a(H^ 

Other works dstttig trlOi aatamobile constnictlsii tn^sbed In tha psit. makt m idtsfioca to awdera 1 
mm* 9l JUI am fukp ilscasMi «d ttNttiuM to tttt 

CONTAINS SPCCIaI^CMAPTCTO ON 

I. TrpMof tfodera Automobnes. IL How Power icGenersted. IIL Principal Parts of GasoitaoBagbief/TIudr t 
Coostnutioii. and Applicatioa IV Constmctional DeUiUof Pivtone. V Liquid Poets Um 

•< Vnprizing to Obtain Bxploalve Gas. VI Automobile Power-Plant jf “ 

VIL .^gasons for Lubriouton of Mechaniem VIll Utij^ Pi f 
IX. The ChaMls and Us Pfii^ _X Wheels,^ Rims snd Tires. 7 
•nmat Mid Accessories. 

Csotrol Methods. ' 

Troubles. XlV. 



Copies of this book sent prepaid to any address on recelpl^ ol price. 

THE NORMAN W. HENLEY PUBLISHING CO.. 


U2 NASSAU STREET, • NEW YORK/ 




QUEStlONS AND ANSWERS 

RELATING TO MODERN 

AUTOMOBILE DESIGN, CONSTRUCTION AND REPAIR 

By VfCTOR W. PAGE, M. B.. 

AttUtOf of Modem GMoUne AutomoMle", ‘*Tlie Modem Oo* Tnetor*', Stc., Ste. 

MO («>•) Pa««t. 350 inastiatiana> 

PRIGE 9t.BO. 


ftinOMOBllE ! 
CUt'TiCmS 
^ answers r 


'IHUS practkol treatlso cotuisto of a series of thiny««ix 
A leMOBs, covering with nearly 2000 qnoRtions and their 
answers — the automobile, its constmctioii, operatioti 
repair. The subject matter is absolutely correct and explained 
in simple language. If you can*t answer all of the followiae 
questions, you need this work. The answers to these am 
nearly 2000 more are to be found in its pages. 


Give the name of all important parts of an automobile 
and describe their functions. Describe action of latest 
types of kerosene carburetors. What is the difference 
between a ‘‘Double’* ignition system and a “dual” ignition 
system ? Name parts of an induction coil ? How are valves 
timed? What IS an electric motor starter and how does it 


Name all important 

quarter” floating axle? 

|Mr shift? Name the causes of lost power in automobiles. Describe all noises 
due to deranged mechanism and give causes ? How can jyou adjust a carburetor 
by the color of the exhaust gases? What causes “popping ” in the carburetor? 
What tools and supplies are needed to equip a car? you drive vmious 

ttyp kftfl of cars? What is a differential lock and Where is Ittiaed? 
systems of wire wheel construction;^ etc., etc 


Name different 


A popular work at a p<N>ular price. Answwrs vrmry quostioa pov 
may ask roUtiiiR to the modem autoBw^o. 


Copies of this book sent prepaid to any address on receipt of prico. 

THE NORMAN W. HENLET PUBUSHING CO.. 


133 NASSAU STREET. • NEW YORK 



JUST FUBUSHED! 


MODERN STARTING, LIGHTING 
AND IGNITION SYSTEMS 

By VICTOR W. PAGE, M. E. 

• ' *4 • 

Author of **The Modem Gasolme Automobile/' Question* and Answer* Relating to 
Modem Automobile Design, Construction, Dnvmg and Repair" — Etc. 

Over 150 Illustrations 320 Pages 

PRICE, SI.OO 


T here ha* been no development iiT automobile engineering m recent years that has 
received the universal approbation of the motoring public as have the electrical starting 
smd Ughtmg systems. This has also revolutionised ignition practice, there being a 
marked reversion to battery ignition ssrstems. As these appliances are electricsd devices of 
great refmement and in many cases of complicated construction, there has been a need for 
a thoroughly informative work on electrical appliances such as usc»d in automobile construc- 
tion. A work of great value and one that reflects very favorably the experience of its author, 
IS "Modern Starting, Lighting and Ignition Systems" by Victor W. Pag^, M. S. A. E. This 
IS the first really comprehensive work on this important subject. It is written in simple 
lai iguage and considers in detail the basic principles of the electncal apparatus involved be- 
fot e It describes any of the systems or their components. 

Pull instructions are giv’on for the repair and care of storage batteries, generators* 
regulating devices, starting motors, etc , and all representative systems are described 
in detail, the text matter being accompanied by complete diagrams showlpg all ooimec- 
tions and the relation of the various parts of the assembly bear to each other Coni-' 
plete data is given for locating troubles in all systems, the various steps being considered 
in a logical, systematic manner that can bo easily followed by those without expert elec.- 
trical knowledge All ignition systems receive full consideration, starting with the 
simplest battery and coil forms found on early cars to the modem short-contact timer 
and magneto methods used with the latest eight and twelve cylinder motors Every 
ignition, starting or hghting system component is considetpd individually and full 
directions are given for making all repairs Thi|f book is unusually complete as it also 
includes descriptions of various accessories operated by electric current such as elec- 
trical gear shifts, brake actuation, signaling devices, i vulcanizers, etc It is copiously 
illustrated, over 150 diagrams and illustrations of parts being interspersed throughout 
the 320 pages of text 


Copies of this book sent prepaid to any address on receipt of price 

THE NORMAN W. HENLEY PUBLISHING CO. 

132 NASSAU STREET NEW YORK 




